A study of the control of the Birch leaf miner, Fenusa pusilla (Lepeletier). by Cantelo, William Wesley
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Doctoral Dissertations 1896 - February 2014 
1-1-1952 
A study of the control of the Birch leaf miner, Fenusa pusilla 
(Lepeletier). 
William Wesley Cantelo 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/dissertations_1 
Recommended Citation 
Cantelo, William Wesley, "A study of the control of the Birch leaf miner, Fenusa pusilla (Lepeletier)." (1952). 
Doctoral Dissertations 1896 - February 2014. 5585. 
https://scholarworks.umass.edu/dissertations_1/5585 
This Open Access Dissertation is brought to you for free and open access by ScholarWorks@UMass Amherst. It 
has been accepted for inclusion in Doctoral Dissertations 1896 - February 2014 by an authorized administrator of 
ScholarWorks@UMass Amherst. For more information, please contact scholarworks@library.umass.edu. 

A Study of the Control of the Birch leaf 
Miner, Fcnuaa pusllla, (iepeletier)* 
.4 
I l 
? h 
Willies W» Gentelo 
C / 
\ 
Thesis submitted in partial fulfillment of 
the requirements for the degree of 
Doctor of Philosophy 
University of Massachusetts 
June 1952, 
i I./.I V p i i i'1 
I!< I \ I I i V r>l 
i-i .: M i •*'! 
Acknowledgments 
Professor W. D. Whitcomb, a good friend and an 
excellent entomologist, who always had the right 
solution to the most difficult problem and whose 
research spirit and techniques the writer attempted 
to duplicate* Unselfishly, he has aided the writer 
in every way. 
Professor P* R* Shaw whose meticulous inspection 
and constructive criticism facilitated the comple~ 
tlon of this dissertation* 
Professors A* Rhodes, A* French, W. Banfield, 
and M* MacKenzie who carefully examined and made 
many helpful suggestions which added greatly to the 
quality and clarity of this paper* 
Professors W. Tomlinson and P* Rusden who taught 
the writer photographic technique and who applied a 
spray and made observations when the writer was 
absent* 
Professor C* Gilgut who aided in identification 
of plants and instructed the writer in the handling 
of plant material* 
Hr* J* Marino for his aid in spraying operations* 
Professor S* Russell who gave willingly and freely 
many hours of his time so that the correct statis¬ 
tical techniques were used to the best advantage* 
He did all this although his only connection with 
this thesis was that it is written by a former 
student of his* 
Miss M. Joy for her excellent typing of involved 
tables and from difficult hand-writing* 
F*A. Bartlett Tree Expert Go* which furnished 
the fellowships without which the writer could not 
have obtained his advanced degrees* 
TABLE OF CONTENTS 
PAGE 
Introduction ..1 
Similar Common Names   3 
Similar Forms 4 
Taxonomic Relationships 7 
Damage ..  12 
Distribution and Spread ••••••....   15 
Host Preference ..   27 
Life History and Description ... 30 
Seasonal History ...   49 
Phenology ..  53 
Chemical Control •••••••. 57 
Historical ..  57 
Adult...... 65 
Egg  .. . * 69 
Larral ..  BO 
Miscellaneous  . . 90 
Insect Enemies ..   100 
Sum-ary .. 103 
References 106 
Appendix... 126 
imsMmm 
Very little research has been dene on Fenusa pusilla 
(iepeletler), the birch leaf miner, since Friend1s fine 
work which was published in 1935* All of the work done 
sines then have been fragmentary studies on the control 
ef this insect and most of these haws been a modification 
of Friend*s recommendations* The only exception to this 
was Daviault*s papsr (1917) on the biology which, although 
rather short (twenty-two pages), brought out important 
points on the seasonal and life histories whieh Friend 
had not reported* Because Friend and Daviault covered 
the biology of this insect so thoroughly and because 
Friend gave a detailed description of all et&ges, the 
writer will present only s summary of their findings 
with additional data he hae observed* 
Ever sines 1931, when Friend first published his 
work, the standard recommendation for the control of this 
insect has been repeated doses of nicotine sulfate* Be¬ 
lieving that the new synthetic organie chlorinated hydro¬ 
carbon insecticides should be Investigated and compared 
with Friend*s recommendations, the writer serried da 
researsh with a number of these compounds using a single 
treatment per generation at various concentrations* The 
body of this thesis consists mainly of an analysis of 
2 
the control obtained with these Insecticides, how they 
act, and when to apply them for beat results. The ap¬ 
pendix contains a summary of the statistical analyses. 
Also included is s yearly summary of the dispersion and 
intensity of the pest since it was first reported in 
this country. 
The adult insect is a small black sawfly that may 
be seen flying about the foliage during Hay and from 
the latter part of June throughout the summer. The in* 
sects mate and subsequently the female oviposits into 
the tissues of birch leaves. The eggs hatch and the 
issuing flat larvae. In a relatively short time, consume 
a large amount of the parenchymatous tissue. If a tree 
le heavily infested all the leaves will be killed and 
then turn brown giving the tree a fire-scorched appear¬ 
ance, These larvae soon change to a non-feeding form 
which chew their way out of the leaves and drop to the 
ground where they form an earthen cell. In approximately 
two weeks the adults will crawl to the surface and 
repeat the cycle. With the coming of fall more and 
more of the larvae do not emerge with the real of their 
generation but remain there to emerge the following 
spring* 
Similar Connon Hama8 
"Tlui birch leaf miner* ia the common name of Fenusa 
pusilla. designated so in the official list of common 
and scientific names of pest insects of the American 
Association of Economic Entomologists* But various 
other sawflies have been given an identical or similar 
name by various writers* Heterarthus nemorata (Fall.)* 
(in literaturs as Phyllotoaa nenorata (Fall.))* for 
example* has been designated “the birch leaf miner* by 
Fslrson (1929) and Anonymous (1938b), and "the birch 
eawfly leaf miner* by Anonymous (1940b). It has also 
boon described as the "European birch leaf miner* to 
distinguish it from £♦ pusllla. "the grey birch leaf- 
mining sawfly* (Anonymous 1940b) because of the food 
preferences of these two Insects. Dodge and Blekett 
(1943) considered the former to be "the late leaf-miner" 
end the latter* "the early leaf-miner," because of their 
respeetlve periods of greatest abundance* Because of 
the difference in the siae of the adults* £* puallla 
was named "the email birch leaf miner* and Jf. neaorata. 
"the large birch leaf miner*" by Reeks aj,. (1945)* 
The official name of ]£. nemorata Is "the birch leaf 
mining eawfly** but Brown in 1943 and Friend in 1933 
referred to £• puallla by that name. 
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Other sawflles attacking birch include Arge pec- 
toralls* Le&ehf Croesus latltaraus* Sort*| trichlosoma 
trluneulua. Kirby% Haaieroa crooea (Fouroroy) and Ciabax 
amsrlcana Leach* Hone of these are leaf miners and, 
for the last three, birch is not the main source of 
food* 
Similar Perms 
There are several species of leaf miners attacking 
birch that may be mistaken for Fenuaa pusllla* Heter- 
arthrus nemorata is the one most easily confused with 
Jt* puelllm* beoause of its similar rangs, taxonomic 
proximity, and great abundance In some region* These 
two sawflies are readily distinguishable as indicated 
by the following characters* 
Character H*tar*rthrua a**S£iift Fenu-?a bub 111 a 
Perm of infested 
leaf 
normal wrinkled 
Host preference paper birch but found 
on grey 
grey birch but 
found on paper 
Mine free of frees contains much 
black frass 
Appearance of 
elder larva 
venter laeke markings 
and larger than F* 
au»iU& 
venter contains 
black markings on 
thorax and first 
abdominal segment 
Siae of adult about 5 mm* long but 
varies with individual 
- no males 
sbout 3 mm* long 
but varies with 
Individual and sax, 
the male being 
smaller 
5 
Character BlilElUbEU remorata Fanuna paailU 
Tims of emergence late June or early 
July 
middle of Mayj 
late Junes late 
Julys and found 
around seedlings 
from July to 
September 
Number of larva# 
per leaf 
one to five one to sixty 
location of egg in teeth en margin of 
laaf 
throughout center 
of leaf 
Location of pupae in hibernaculum in 
leaf 
in cell in soil 
Other lnaeote with similar habits are 
» 
all in the 
order Lepidoptera. The birch loaf ckeletonlser, Buecula- 
trix canadenslcell* (Cham*) (Fam* Lyonctlidae), produces 
widespread injury which may often be confused with that 
of the leaf miner* The larva makes a serpentine mine 
through the leaf for three or four weeks and then molts 
and feeds externally, skeletonising the leaf and so giving 
it a scorched appearance similar to J* pusllla* but occur* 
i 
ing only late in ths season, i*e*, late August and Septem- 
bar* Ho noticeable minee are found and it the trees are 
shaken the small yellowish~green larva# will spin down on 
sllksn threads* 
Coleophora salmanl Heinr, (Pam* Coleophoridae), the 
birch case bearer, is a leaf miner for about the first 
three weeke of its existence as a larva, and then builds 
a case from which it eats little holes as far as it can 
«»$«» 
reach without hecoming detached fro® the ease* The fel- 
lege of heavily infested tree* turne brown. The presence 
of a larval ease and anall mines with a hole in one 
epidermis will identify the injury of thie or one of the 
other two rarer case bearers of birch* The larvae of a 
rare moth, Erlocranla ap*, makes a very similar mine, 
but In immature foliage and le&vee serpentine frees 
threads in the mine* The larvae Is aaggot-llke and not 
flattened* 
Llthocolletla betulivora Wish®* (Pam# Graeilarlldae) 
makes small circular mines on the upper side of birch 
leaves* lantella Braun makes community blotch mines 
on the upper side of the leaves, several larvae being 
in one mine* The mined part of the leaf often wrinkles 
up, and so resembles F. pusllla* but can be distinguished 
from the latter by the fact that the mine is confined to 
tho upper surface of the leaf* 
7 
iMBUMHMU B«l«UonchlP» 
In 1803 Fenusa ousllla was first described from 
Europe by Fallen aa EylMoma iMtSSJ&L* Since then it 
has been given many different names by various writers# 
/ 
Slug placed it in the genus fonthrodo in 1314# but in 
1914 Enelin made it the genotype of Fenusa teach. Konow 
(1905) removed numila. ulml and dorhnl from Fenusa and 
placed them in the genus Caliosohlnaa Tisohbein# but 
Cameron (1832) and Enslin (1914) believed the two genera 
to be synonymous and so put these species in Fenusa. Mac~ 
Gillivray placed dorhnll in Fenusa and ulmi in his genus 
®P that time had net been noted 
in ^erth America but it fitted into hie elaeslfieation 
of Fenuaa. For many years and until reosntly it was 
designated ae Fenuaa ouaila Slug# and then it waa dis¬ 
covered that Klug described two species (Tsnthredo) Allan- 
M& BMtti, and (Tenthredo) Hgjjflttl po.ilft la th« case 
genus# The former is now known as Entodecta ouaila# but 
the latter ie obviously a direct homonym and Lspeletler** 
name ousllla must be used instead# Although Lepeletler 
designated the specific nase •• bbIUm. »lth Pole rue. 
ilia must be used with Fenusa in order to agree with 
the latter genus in gender# On several occasions writers 
have neglected this e«g# Friend (1246)# 
/ 
Following lo the synonymy oo recorded by Dalle Torre 
(1894) end Konow (1905)i 
Hylotoma intereue Fallen, 1808, Sronok. Vet. Ak. 
Handl, 29| 44. 
Tonthredo (Bmphytao) puwlle King, 1814. Mags*. Gee. 
naturf. Fr. Berlin 8 (190)i 277, 
I 
CelloQPhlima emails .«■**. 1814. Mag. Gee. Baturf. 
Berlin 8t 277, 
fenusa ptimlla Leach, 1817* £eol. Miscall. 3* 126. 
pel erne ( Ferns a? ) mslllQJl tepeletier, 1823* Moaogr, 
Tenthred* (355)t 120. 
Belarus imsllJus Lepeletier, 1830, Paune Franc.« 57# 
Fenusa mimlla Stephens, 1835. Illuatr. Brit. Entom, 
Maudit. 7t 41. 
9 
Fpphytua (Penuaa) panilm Hartlg, 1837. Fa*, d, 
Blatt-n. Holswesp.t 259. 
ColorttQ pualllne Lepeletier. 1838. Men. Tenthr.s 120 
Tonthredo pygnaoa Zothorotedt, 1838. Insect. Lappon. 
1(11)« 340, 
Colerua puolllua Blanchard, 1640. Hist. not. Insect 
3« 241. 
* t 1 
Fenuaa pumlla Westwood, 1840, Zntrod, mod. Classtf. 
Insect, II Syape.t 54* 
teteJmsm ifta,y.UaS *859. Fauna Kapoli, 
Tenthred.s 41. 
9~ 
r»miga bstulae Zoddack* 1859* Pfrogr* Freldriohs Celteg. 
Konigsberg? 30# 
fim-phytus smmlltts Gourneau* 1868* Ann* entoa. Franca 
k ■» * ? ■ ft 
(4) 8» 16-18. 
P*nuaa fulfuliwi* Healy, 1869. Bntooologiet IV t 225*22?. 
S > ^ V 
Fences pnmlls Thomson* 1870. Opuac. onto®* (2)t 212* 
71 * - *» 
fenuea oumlla Cameron* 1882. Monogr* Brit. Phytoph. Hymen* 
« . « * » ♦ 
Is 293* 
Fences minima Bricehkof 1883* Sehrlft* naturf* Goo* Denstg* 
i t . i » 4- 
S.F.V.P. 4(7)« 264. 
» 4 *. 
Tenthredo (EoBhytue) »u*Uo Krieekbaumor, 1884. King# gas. 
1 .8 
Aufs. Blattwesp. (190)s 209* 
i , *. . , ' * *• •• * 
Kalloaphingla ttwnlli Sonow, 1885. Man ontoo. Zaltg. 4* 
297. 
ft * 
Kalioephinsa tMll« Sonow, 1886. Wien entoo. Zaltlg. 5« 
- . / a * ' *• t 
269. s 
» * * 
Fences email* Thomson* 1871* Hymen* Seandin* It 186* 
i *" « * ' * 
Fhacncra nmmila Cameron* 1875* Preo* Hat* Hist* Soc* Glas~ 
f * * * 
gov 3* 7# 
Phoaouea pueilla Ed, Andre, 1880. Spaa. Hynen. Europe. 1 
. ' ft « « 
(6)« 229, 
Phoenuoa pumila Ed. Andre, 1880. Spae, Hynen. Europe. 1 
'• «r * ' *■ 
C6)t 231* 
* '« * 
Apbadnurua laafeLUa* Coato, 1887. Alt! ae. fie. & oaten. 
■' , • ■ . , , f. ’ ft 
Napoli 9 (6)s 44* 
10m 
fe separate the seven Hearotlo ©cedes of adult 
seefilet ef the genet Founts« Etta (1936) prepared the 
following key (slightly modified by the ter Iter )■* 
1* Femora end ooxeae felloe 2 
Feton end coxa# black »•#•**#«#•*•«•'•••••++*•»*## 3 
a# Abdomen entirely black •••*•••.•. 
Abdomen with etemltee felloe or brownieh felloe **«•• 
3* front wing with ar Joining St beyond 3r~at* or 3r<*« 
absent ..... 4 
front wing with 2r joining St before 3r-e, the letter 
always present **•#♦#•###•••*#«••**••••*•*•»•♦«»•*•« 3 
4* Antennae shorter# the midile segmente refused# being 
about three-fourths aa wide ae long nudlla 
Antennae longer# the middle etccents more elongate# 
being about one half at wide ae long derhnli 
5* Head with a pair of conspicuous diagonal tubercles 
above antennal teekete# female taw with digitate 
processes on ventral margin ..« qlml 
Head with diagonal tubercles almost or entirely ab* 
sent* female saw with ventral margin broken up into 
lobot that are not digitate #*»»•«****•*•*•*•»#«•*• 4 
6« tibiae entirely cream color# Wing strongly infuseate 
eee *♦•♦***•#<►*<•##*••«*♦#•##*•• a** •*•*****■*•♦* ♦♦ 
dark brown with their apices paler* Wings 
only slightly infueeate ... inaplratus 
»( v ‘ * , * » . . • 
Eipper (1931) constructed a key to the larvae of leaf 
f •. ‘ • 1 ..... 
saining sawflles including £* pusiXIa based partly on the 
Injury they cause* Hering in 1927 published a key to the 
* 
leaf miners of birch* 
The position of the spceles in the Hymenoptera is 
• * « « . • • i ‘ • t 4 9, % t * 1 » I * t \ 
given below aeeordlng to Huesbeck (1951)* 
Order Hymenoptera 
Suborder Symphyta (a Chalostogastra) 
Superfamily Tsnthredinoidea 
Family Tsnthredlnidss 
Subfamily Hsterarthrlnas 
Tribs Fenusinl 
Genus Fenusa 
Species pusiXIa 
. 
la 
Damage 
Heavily infested birch foliage has a scorched ap¬ 
pearance which is due to the larvae removing the green 
chlorophyll between the upper and lower leaf surfaces 
and leaving the dead epidermis* One who has ever seen 
the damage will likely not forget it because there is 
a sharp contrast with ths green foliage of the surround¬ 
ing vegetation. A closer examination of an Infested leaf 
shows that the upper and lower epidermis have separated 
and wrinkled causing the mined area to resemble a large 
brown blister* There le often premature dropping of 
heavily Infested leaves, but a leaf that is not mined 
near the petiole will stay on until normal dropping of 
the foliage occurs* The dropping of the leaves will give 
the tree a sickly appearance and also be annoying to the 
owner as the fallen leaves clutter up lawns and gardens* 
A leaf on which eggs have recently been laid or on 
which the eggs have been killed, will have a dark or light 
green area around the egg, depending upon the incidence of 
the light* This is not important enough to detract from 
the aesthetic or commercial value of the tree* 
The insects themselves can cause great annoyance as 
they did in Winchester, Massachusetts around June 6, 1950, 
when tho prepupae falling from the leaves in groat num¬ 
bers and crawling over a formal patio, considerably dis¬ 
tressed the owner* 
13 
Friend (1931) suggests the possibility of abnormal 
development of lateral shoots from effected branches* 
Batch & Prebble (1940) believe that this insect, along 
with other birch defoliators, may be a factor in tho 
bireh die-back that is ravaging Heine and the adjacent 
Canadian provinces* This dying of bireh Is believed to 
be mainly due to the attacks of the bronsed birch borer. 
Agrilug anxiua* but for it to attack a birch, the tree 
first must be weakened and this is what the birch loaf 
miner will do with repeated heavy infestations* 
Other insects that attack birch leaf foliage in the 
♦ 
late summer and fall will cause a reduction of the growth 
rate of the tree which is evident in the narrowing of the 
annual growth rings* In a dry summer, such as 1950, when 
very little foliage is produced after the first two at¬ 
tacks, it seems logical that this Insect would bring about 
the same effect* On the other hand, in a summer with more 
than normal or normal precipitation, such as in 1951, 
when a great deal of foliage is produced after the first 
two attacks, it is probable that the tree could produce 
enough nutrients to prevent reduction in the width of 
theee growth rings* 
The two species most commonly attacked are the white 
and grey birch* Although the grey is of little ornamental 
or commercial value, the white is commonly used as an 
Ornamental tree and In some regions is logged to a great 
extent* 
The usee of the two trees are as followsi 
White birch - spools and other turned articles, tooth 
picks, and the bark to make knick-knacks. 
Grey birch - spools and other turned articles and for 
fuel - generally considered a weed tree* 
What must be considered the leaf miner's greatest 
importance Is its attacking ornamental and shade trees 
and thus reducing their aesthetic value* However, its 
infestation of ths abundant grey blreh must not be thought 
unimportant bseause it is from these wild treee that the 
insect will come to attack the ornamental trees, regard¬ 
less of how thoroughly the insect Is eontrollsd on the 
latter tress* 
.. • 
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PjUtrlfe’.’Uon. Mi Spr<a4 
Fenusa pusIIla was accidentally introduced into this 
country from Europe where it is found in Sweden, Great 
Britain, Germany, France, Italy, and Russia, according to 
Cameron (1GG2), whose description very likely refers to 
this species* Ripper (1931) observed it in Austria, 
Friend (1933), from correspondence with European entom¬ 
ologists, says that it is not a serious pest in any of 
those countries and states that in Ireland, it is present 
but not commons in England, Scotland, and Wales it is com¬ 
mon and likely present wherever birch grows) in Sweden it 
is found over the southern and middle parte of the country 
and has been taken in the northern third* 
Britton (1924) was the first to report the leaf 
miner in this country, having found it at Rainbow, Conn¬ 
ecticut in July 1923, infesting the foliage of birch 
trees* It very probably came to this country in soil 
that had been under a birch tree the previous summer* 
This sell would have contained the prepupal or pupal fora 
of the insect* Once put in the ground on this continent, 
it would have reached maturity in the spring and subse¬ 
quently go on and reproduce and Increase the population* 
Apparently the lneeet found conditions much more favor¬ 
able than In Europe, because it is of much greater im¬ 
portance here than abroad* Although a moderately strong 
-16- 
flier, the writer having observed an infestation in 
planted seedling more than three hundred yards away 
from the nearest birch tree, it ie most likely that ita 
spread has been mainly by wind* Pelt and Chamberlain 
(1935) recovered it 125 feet in the air over Albany, 
Hew fork, which indicates that It can be wind-borne. 
Throughout the very densely populated portions of Greater 
Beaton, the writer observed that many isolated trees were 
infested* As there were few birch trees In these sub¬ 
urban areas and in some cases no parks for a mile or more 
from the infested trees, it may be concluded that an in¬ 
dividual sawfly may travel a great distance despite its 
else* 
A yearly report is given below of the spread and 
severity of this insect as obtained from the United States 
Insect Pest Survey Bulletins, the Canadian Insect Pest 
Reviews and the Canadian Annual Reports of the Forest 
Insect Survey* Other sources include the yearly reports 
of the state entomologists of Connecticut and Row fork, 
and correspondence by the writer with entomologists in 
various states and provinces. 
1923 
An unknown loaf miner of birch was recovered from grey 
birch leaves at Rainbow, Connecticut in July. K* P, Felt 
noted birch damaged by a leaf miner In Hudson Valley, Hew fork. 
17 
1924 
The adults were reared and Identified by 3, A* Rohwer of 
the U, S# Department of Agriculture as Fenusa pusllla 
Klug* It was reported from Hartford, Windsor, and Hew 
Haven, Connecticut, and as being abundant and generally- 
distributed In Hew York from Glen Falls to Blnghampton 
Including the Hudson Talley’ and Syracuse, Specimens are 
in the Canadian national Collection which were collected 
at Knowlton, Quebec In 1924 which suggests that there was 
more than ons Introduction of this poet* 
192$ 
In How York it was spreading rapidly and extending its 
range Into the Catsklll Mountains and going south nearly 
as far as Hew York City, The abundance varied In the 
different areas that had been previously infested. It 
occurred throughout Connecticut, Rhode Island, and Hassa- 
ohusetta, exeept for the northeast portion of the last 
and Vermont as far north as the vicinity of Rutland. It 
attacked mostly grey birches but occasionally was found on 
V 
European cut leaf and paper birch. It was collected in 
Hommlngford, Quebec, 
1926 
By this time it was beginning to attract considerable at¬ 
tention. In Connecticut practically all the grey and white 
birches In the nurseries and in the wild were attacked* 
It was also found on Long Island, northern Mew Jersey, 
and around hew lork City where nurserymen were becoming 
concerned on account of its disfiguring the foliage of 
young trees* In Sew fork it was thought to bs less 
abundant in previously infested areas than in the past 
years* 
1927 
It was very abundant in eastern Massachusetts, common in 
the Connecticut Valley in western Massachusetts, and was 
found in small numbers in the Berkshirss* In Mow York 
it was common from south of Albany to north of Saratoga, 
west to Binghampton and extremely numerous about Saratoga 
and in the vicinity of Sonssslaer Co* where birches showed 
the browning of foliage due to heavy infestations* Foli¬ 
age of paper birch was badly damaged in Somerset Co*, 
Maine and that of grey birch in Hova Scotia was similarly 
affected* It was collected In Covery Hill, Quebec* 
192S 
A considerable percentage of the foliage was badly damaged 
in central and southern Mew Brunswick* In Connecticut it 
was vary abundant in nurseries ranking fourth in all in¬ 
sects found in nurseries, being found in 5$ of them* 
1929 
It was present throughout eastern Massachusetts* In Conn- 
ecticut It was fifth in number of insects found in nur¬ 
series, being found in 63* 
1930 
Its abundance in southern New England was less than for 
the past years but ranked seeond In number of insects found 
In nurseries in Connecticut, being found ir. 74* It was 
reported fro» New Hampshire for the first time but was 
likely there before* In Heine it was generally heavy 
on grey birch throughout the state* 
„ 1931 
/ 
In Connecticut it was present throughout the state in 
its usual abundance* In Maine it was not as abundant as 
the preceding year but was very abundant in fork Co* It 
was reported as being common in grey birch all over Hew 
England* In Pennsylvania grey birches throughout Pike 
Co* were heavily infested* In Ohio infestations were 
found in nurseries in Painesville* 
1932 
In Connecticut it was abundant as usual on grey and white 
birch* Black birch, Betula lenta* was attacked in Maine* 
1933 
In Connecticut it was very abundant on grey birch and 
was reported as showing no appreciable decline since it 
was first discovered there* There was a general outbreak 
over the state of Maine with some areas being extremely 
heavily infested* There was severe browning of the 
feliage due to this Insect along the south shore of 
the Gasps Peninsula* 
1934 
It was generally abundant in Maine* There was a heavy 
infestation in Connecticut, grey birch being the hard¬ 
est felt* 
1936 
It was very abundant in Connecticut on grey and white 
birch* 
1937 
It was generally abundant in southern Rev England and 
i 
Hew York causing appreciable defoliation* Injured foli¬ 
age was conspicuous in many parts of Kova Scotia* Grey 
and white blrehes throughout the Maritime Provines were 
heavily attacked* It was coming into Ontario* It has 
been injurious to foliage in eastern Quebec for the past 
seven years* In St* Lawrence Valley the birch foliage 
was generally infested* 
1938 
It was generally prevalent over much of southern Mew Eng¬ 
land and adjacent areas in Hew York* It was plentiful in 
Bennington Co*, southeastern Vermont* It was abundant 
throughout the Gaspe Peninsula and the Maritime*, most 
stands of young birch being brown from the heavy attack* 
-n~ 
In St# Lawrence Valley it was reported as decreasing in 
intensity during the last few years# 
1939 
There was a moderate infestation on Long Island and in 
parts of Kew Jersey# ’tfhlte birch were reported attacked 
in Hudson, Ohio# There was much browning of grey and 
white birch foliage throughout the Maritime* and ©ast¬ 
ern Quebec and was about the same as in 1938# In St# 
Lawrence Valley it still seems to be decreasing in num¬ 
bers# Moderate infestations with local outbreaks were 
reported in Grenville, Co#, Ontario. 
1940 
There were very heavy infestations in Rhode Island and 
parts of Connecticut# In Quebec it was very prevalent 
around Quebec City# In the Maritime Provinces and east¬ 
ern Quebec there was a general infestation of young leaves 
of all species of birch with local outbreaks# In Canada 
infestation: were more series than in 1939# 
1941 
In Maine it was abundant on grey and ornamental birehee 
In the southern half of the state# In Connecticut it was 
thirteenth on the list of number of specimens sent In to 
the state entomologist and ranked sixth among the ehade 
tree pests# Most of the birches in southern Sew Brunswick, 
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Cumberland Co., Hors Scotia, and Prince Edvard laland 
mere Infested* The Infestation was somewhat lighter than 
In 1940* There were light infestations in the Matapedla 
Valley and Caepe regions of Quebec* In Ontario, it 
was reported as to be serious on ornamental birches and 
alder (elci)* (Very likely it was either Heterarthras 
nemorata or Penusa dohrnll that was found on alder as 
Ifenusa pusllla hae newer been found feeding on other than 
% 
B«tala «pp,). 
1942 
This was an especially favorable year for the leaf miner 
in Canada* In Kova Scotia there was great destruction of 
foliage in the western and southwestern sections* In 
Kew Brunswick it was heavy everywhere and extremely so 
on tho grey birches along the roadsides* On Prince Ed¬ 
ward Island all the white birches were Infested to some 
extent and many had 100 per oent damage to the leaves* 
■ A 
In this provlnee it was reported a# being more serious 
•vsry year* In Quebec browning of the foliage was heavy 
in Temiseouata, Bell©chase, and Quebec Co* Over south¬ 
ern ^uebso from Montreal to the Vermont border there was 
at least ten per cent defoliation* In Ontario the in¬ 
festation was above average as in the other provinces* 
Prom Hastings Co. to Glengarry Co*, paper birch stands 
were conspicuous by their scorched appearance* 
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m3 
In the Maritime Provinces it was very common but loss 
numerous than for 1941 and 1942* Infestations wore 
light to moderate* In Durham Go*, Ontario, it caused 
considerable injury* In Quebec it was abundant every* 
where, particularly south of Montreal, in the plains of 
Quebec and the Three Rivers regions* 
1944 
It was more prevalent in Canada than in 1943* It was 
very heavy in northern Heva Scotia and Prince Edward 
Island where all the young birches showed some damage* 
In New Brunswick it was generally moderate but in the 
river valleys infestation was higher* 
1945 
Heavy attacks on grey birch were noted in most sections 
of Hew Brunswick and parts of Hova Scotia* On Prinee 
Edward Island it was generally distributed and in soma 
areas tress were almost completely defoliated* Here it 
is becoming more serious yearly* In Quebec it was re* 
ported on the decrease for the last few years and in 
1945 was loss than in 1944# 
1944 
Grey birch was attacked severely in most of Hova Scotia 
and much of Hew Brunswick* Injury was moderate in Cape 
Breton, but in Prince Edward Island grey birch all over 
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the island were seriously damaged* 
1947 
It was likely less severe in Hew Brunswick than in 1946 
but heavy outbreaks continued in Hove Scotia# Southern 
Hew Brunswick had 10-50 per cent defoliation# Prince 
Edward Island had about SO par cant of the young# espec¬ 
ially white# birchee infested# Here damage was savere 
and seemed to be increasing# In Quebec damage was very 
common but no mors so than in 1946# 
1948 
Zn How Brunswick some regions had heavy Infestations and 
others light# Central and souther Bovs Scotia had a 
large population and in general Bora Scotia had more 
injury than Haw Brunswick* In Quebec it was numerous 
and increasing in some regions# In Ontario leaf area 
reduction was up to 20 per oent and was noted as more 
prevalent in solid stands* It was very common In the 
Sault Sts* Karle district on white birch* 
1949 
On Prince Edward Island the birches showed 75 psr cent 
injury and all the leaves of younger white birches were 
Infested* There was noted a continued increase in both 
distribution and numbers# In Hovn Scotia there was a 
moderate infsstation* In Ontario there was 5*10 per cent 
defoliation of paper birch seedlings# 
On Prince Edward Island nearly all the birches were in«* 
fested and there was severe damage in many eases espec- 
tally on birches used for ornamentals* It is still be¬ 
coming sore serious each year in this province* It was 
again moderate in flora Scotia* 
1951 
On Prince Edward Island there was a larger percentage of 
birch showing moderate to sorer© damage* It was found 
for the first time In Maryland* near Westminster* It waa 
abundant locally around Wisconsin Rapids* Wisconsin* In 
Rhode Island it has boon on the increase for the last four 
years* There has been a light infestation in Rew Castle 
Co,* northern Delaware* for the last fire years* It has 
been found in the Sault Sts* Marie-Sudbury region of 
Ontario for at least the last eight years and extremely 
abundant for the past three years in the Sault Ste* Marie 
district* 
01»trihn»loa in Eagth AwftrAgft 
It is now found throughout Prince Edward Island* 
flora Scotia* flew Brunswick* Maine* flew Hampshire* Vermont* 
Massachusetts* Connecticut* Rhode Island* flew Tork* Penn¬ 
sylvania* flew Jersey and in many parts of Ohio* especially 
the northeastern section* In Quebec it ie found throughout 
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the Gasp© Peninsula and south from, and including* the 
St* Lawrence Valley to the United States border* In 
Ontario it 1* widely (if sparsely) distributed in the 
area south of the 45th parallel* which extends from the 
middle of Lake Huron to the northern border of Hew York 
State and la extremely abundant in an area bounded by a 
line drawn in an are from Batchawana Bay on Lake Superior 
to Blind Elver on the Berth Channel which la a bay north 
of Lake Huron* It la found in Hew Castle Co** Delaware} 
Westminster* Maryland} and around Wisconsin Rapids* Wis¬ 
consin* A blotch leaf miner is not uncommon on birch in 
Indiana* Thie is probably £• pusllla as Heter&rthrua 
nemorata* the only other common blotch leaf miner of 
birch has never been reported weet of Hew York* (See 
Maps 1 and 2*) 
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flggi Prafaronea 
On July 18, 1950, various species of birch observed 
at the Arnold Arboretum, Boston, Massachusetts, were 
found to have varying degrees of infestation as tabulated 
below In Table 1# 
Table 1* Infestation of various species of birch at 
Arnold Arboretum* 
Scientific Name 
BotuXa papyrlfera kanalea 
1. tchiadtl 
£• B»pyrlf«ra oacldantalla 
1* iMaa. 
£• papyrlfera 
£• papyyiteg* aordjfolla 
£• P«nd«Xa f«Btlglat» 
1* mills prattl 
£• Xcnta 
£• dararlca 
£• daym-lea x papyrlfepa 
£• Mm 
£• Pandnla ££SSiii&** 
£• aandeohmrioa kaataehantlca 
£* JafifeX 
Common naae Degree of 
Infestation* 
kenal paper birch TL 
Sohimdt's birch TL 
. 
?L 
yellow birch TL 
paper birch VI to L 
nountain^paper birch TL t© 
Pyramidal European 
white birch L 
variety of Himalaya 
birch L 
black birch I 
Dahurlan birch t 
river birch 
I to H 
L to H 
cut leaf weeping birch L to ?H 
M 
if 
I* gMaayl<>.gft bog birch M 
B* mandsehurioa japonlca M 
* lenta • 
£• aaxlaowjcalana monarch birch L to 
£. aandachurloa japonic* Japanese white birch LH to 
£• aandaehnrlca japonic* 
* popollfoUa ?H 
t* pppull folia grey bireh VH 
B. cosrulea blue leaf bireh VH 
£• coamla-arandla Blachard** birch VH 
£. £uan.fi low birch VH 
* H - Heavy - 75 per cent and higher 
K - Moderate - 50 per cent 
L - Light - 25 per cent and lower 
9 - Very - 10 \ per cent higher or lower 
** Observations were made from various trees 
in greater Boston as there were no out-leaf 
weeping bireh growing la the Arnold Arboretum* 
* 
Healy (1869b) reported that this insect, In Snglandf 
preferred blrohea with wooly leaves* Anonymous (1942) 
noted that the leaf miner was scarcer on white and yel¬ 
low birches in areas where grey birch was absent* The 
Insect may have difficulty in completing its life cycle 
in those two species and need the very susceptible grey 
birch nearby to act as a reservoir for the leaf miners* 
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Britton in 1931# observed that it was present on grey and 
European white birch, especially the cut leaf fora* He 
also noted that it infested paper birch but to a lesser 
extent* Craighead (1950) lists grey and European white 
birch as the two species of birch aost preferred* In 
Pennsylvania the heaviest infestations occur on out leaf 
birch* 
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LMs. au^aor m 
The adult insect ie a email entirely black eawfly 
. • ' ' ‘ • : ' ' f ;) 
about three millimeters long and with a wingspread of 
about seven millimeters* The else varies with the sex* 
the female being the larger of the two* From reared 
specimens Friend (1933) found the sex ratio to be *60j 
from reared and collected specimens Davlault (1933) 
found the sex ratio to be *51$i from collected specimens 
ths writer found the ratio to be *257* As Friends fig¬ 
ure was obtained from reared specimens* it should bs 
considered the most accurate* The probable explanation 
of why the other two figures differed from Friend's ie 
by the way they were obtained* Collections made by 
sweeping through the foliage are apt to contain more 
males than is normal because the males fly about the 
foliage more than the females which spend most of their 
time on the leaves* examining them and ovipositing* 
With laboratory reared individuals the writer noted 
that emergence took place only when the air temperature 
was over 70° F* Thu higher the temperature the greater 
was the amount of emergence* The activity of the adults 
was similarly affected* From observations mads by Davi- 
ault (1933) tbs writer constructed a graph (see Graph 
#1) showing the effect of temperature and relative humidity 
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on activity* It should be notad that the sawflles were 
more active if the humidity was low, except if the tem¬ 
perature was quite high* In all Instances where the 
adults were very or extremely active, there was bright 
sunshine« Where there was bright sunshine and little 
o 
activity, the temperature was below 70 F* When there 
was no activity the day was constantly cloudy except 
in one ease (65° F*, 62% S*H*) where it was cloudy at 
times* In this cats it bordered on the range of little 
activity* 
Daviault (1937) found in the laboratory that the 
virgin adults lived longer than mated ones and thoss that 
were furnished with nourishment lived longer than those 
that were not although they have never been reported as 
feeding in the field* The mean length of life for vir¬ 
gin males was 66 days, the males living one or two days 
longer than the females* 
The two sexes were often seen copulating on the 
leaves, with the female dragging the male around* Prior 
to ovipositing the female carefully examined the leaf 
with its antennae* Having found a satisfactory spot, 
usually near the Center of the leaf, the female Inserted 
its ovipositor into the leaf tissues for about one minute 
to offset oviposition* A little nipple-like area can 
be found where the eggs were laid* According to Friend 
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(1933) tip to 200 egg a may be laid by the females which 
may be parthenogenetic* The writer once noted that 
fifteen sevflies of undetermined sex produced 496 
eggs which is an average of 33 oggs per insect* If the 
sex ratio had been *50 each female would have averaged 
66 eggs* When oviposited the egg is about 0*40 milli¬ 
meters long but increases greatly in else before hatch¬ 
ing* See Figure 1 for photomicrograph of exposed egg* 
Within a day the tissues around the injury began 
to appear darker than normal with transmitted light and 
lighter than normal with reflected light* (See Figures 
2, 3# and 4)* To learn if this condition was caused 
by the secretions or presence of the egg, or by mech¬ 
anical blocking or material Injected into the leaf by 
the female during oviposition, recently laid eggs were 
killed by means of a alcuten nadeln* As this condition 
did not occur after the eggs were pierced* It may be 
concluded that it was caused by material secreted by 
the egg in growth or perhaps by mate ial being absorbed 
by the growing egg* This abnormality persisted through¬ 
out the life of the leaf unless that area was eaten 
(Figure 6)* Wotic# in Figure 4 the tiny area of tissuo 
that is killed, by the female In the act of ovipositing* 
The females definitely preferred the regions of the 
trees receiving the most radiant energy on which to ovl— 
ftgure 1# Photomicrograph of expeced egg# 
Figure 2# Birch leave* showing effect* 
on leaf color by growing egge# 
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Figure 3# Seme as Figure 2, but 
with transmitted light* 
i 
) 
L. 
Figure 4* Enlarged leaf allowing 
greyish area about egg* 
37* 
L 
Figure 5* Enlarged photo of first instar 
larvae and their mines* 
t 
<» 
Figure 6* First and second instar 
larva* and thair ainaa* 
' iA? > 
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posit as heavier infestations wora noted in theee parts 
of the tree than in the shaded parts* Low well-ahaded 
birches had only light infestations* This is probably 
• response to the higher temperatures* Potts (1936) 
observed the mines of £. mtailla more frequently in the 
thick "sun* leaves than In the thin shade leaves* He 
also noted that the feeding mines in the sun leaves 
were larger than those in the shade leaves. 
The eggs usually matured in a week but some completed 
development in five days and others required two weeks. 
In the cool May of 1951* the eggs took up to throe woeks 
to hatehf the minimum being 17 days* Daviault (1937) 
found that the mortality of the eggs was between 4*6 and 
34*1 per cent* Friend (1933) observed between 2 and 26 
per cent mortality of the eggs in tbs laboratory* This 
mortality was due to either the leaf being too hard at 
the time of oviposition or to the leaf developing too 
» 
fast and thus being hard at the time of hatching* 
When the larva hatched it was about 0*7 millimeters 
long and the black ventral marks of the thorax character¬ 
istic of later instars were absent* The first iaetar 
lasted two or three days during which the larva made a 
kidney-shaped mine* The egg was found inside the inden¬ 
tation* See Figure 5* 
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The second instar was of a milky white color with 
the four characteristic markings on the thoracic seg¬ 
ments and the first abdominal segment# From this In- 
star on, the larvae were always found feeding with the 
venter side up with one exception. All of the instare 
of the larvae averaged between two and three days long# 
The larvae ate dll the leaf tissues between epidermal 
layers# Figure 6 shows the first and second instar 
larvae and their mines# An opened mine containing second 
instar larvae Is shown in Figure 7* Xn Figures & and 9 
are shown fourth Instar larvae In unopened and opened 
mines respectively# Xn Figure 10 is shown an entire 
well mined leaf with the top epidermis intact and in 
Figure 11 a leaf with the epidermis removed# 
When the leaf was completely mined the larvae wore 
found congregating at ths tip of the leaf or at the base 
near the petiole# A possible explanation may ba that they 
were trying to conserve moisture# Larvae found in drying 
✓ 
leaves have been noticed with the black ventral marks 
lacking and with a yellow gut instead of the green one 
characteristic of well-fed larvae* 
Following the fourth instar the larvae molted, lost 
their ventral markings and ware of a creamy yellow color* 
Xn this stage, the propupal, they did not feed# See 
Figure 12# 
Figure 7. Second iaetar larvae with the 
upper epidermis of leaf removed. 
A-* ;<*»> •. 
Figure #. Foarth inatar Ur» i» intaafc 
aina aa aaaa with iranaaitted 
light. 
Figure 9# Fourth in»t»* larvae with upper 
leaf apidaruia ra*ova4# 
•44* 
Figure 10. Intact lent with reflected 
light chewing nine* 
*45* 
k. 
Figttr* 11* A well JBincd I«af with tha uppar 
ipldtraii r«ioT»4« 
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t 
Figure 12. Opper epidermis of leaf removed 
to expose prepupae. 
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After being in the leaf for about a day# the larva 
chewed a hole In the leaf and fell to the ground# into 
which it burrowed and formed a cell* The writer found 
that the prepupae could live at least 19 houre on the 
top of the soil# if they were not in the sunlight* In 
Table 2 ie given the results of Friend (1933)# Daviault 
(1937)# ^nd the writer in recording to what depths the 
prepupae penetrated* Undoubtedly the depth of penetra** 
tion into the soil was dependent upon the type of soil 
beneath the tree and the amount of moisture in the coil* 
hone of the prepupae that remained on the surface of the 
soil lived and therefore were not counted* 
Table 1* Depth of penetration of prepupae of 
P. pualXla. 
D*pth Munber of larva* «t r»rlo«a dapthe 
in Inches Friend Daviault Canteio Total 
1 142 463 165 770 
2 99 172 35 206 
3 15 177 0 192 
4 6 127 0 133 
5 10 37 0 47 
6 1 5 0 6 
7 2 0 2 
* 0 0 0 
One® at a satisfactory depth, the prepupa constructed 
a cell consisting of soil particles held together by a 
reddish-brown material that was secreted from the mouth# 
The time spent in the soil as a prepupae during the 
summer months varied from $ to 16 days. The winter was 
spent in the prepupal stage# Some of the prepupae of 
each generation did not pupate until the following spring# 
As the end of the summer approached a larger percentage 
of them did not emerge that season* Insects that are 
going to omerge that season spent between four to eight 
days in the soil* 
The pupae were white in color, exarate, and were 
about four millimeters long# The segmentation of the 
* 
body and of the appendages was well demarked# All of the 
principal external adult structures were preeent in the 
pupae# 
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s»a»oB»l History 
The insect overwintered in the prepupa1 siege and 
when the right combination of climatic factors occurred 
it pupated* After pupation the imago left its cell and 
made its way to the eurfaee from which it flew tc birch 
trees* By using various statistical techniques* the 
writer attempted* without success* to show the influence 
of dally maximum and minimum temperatures and precipita- 
tlon on the date of emergence* the lack of euceoss may 
have been because there were other factors that markedly 
affected emergence* but it seems more probable that it was 
because one combination of ollnatie factors produced pu¬ 
pation ani another set caused the adult to leave its 
pupal call and crawl through the soil particles to ths 
surface* It is interesting to note that the higher the 
aecumulated maximum and minimum temperatures at emergence* 
the longer the insect epent in the soil* The accumula¬ 
tion of temperatures was calculated from the first of 
April* 
Emergence occurred during April or Kay depending 
upon the latitude in whieh the Insect was located and the 
type of soil in which it was found* According to Daviault 
(1937) emergence occurred later in poorly drainod soils 
than In well drained soils* Hamilton (1932) says that 
emorgence In central Hew Jersey Occurred about the middle 
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•f April* Friend (1933) states that emergence around Hew 
Karon, Connecticut occurred about the twelfth of ?«ay* At 
Slocum, Rhode Island, Kerr (1951) reported the adults 
emerged on the tenth of Hay in 1959* That sane year it 
emerged the seventeenth of May In Waltham, Massachusetts* 
In 1951, when there was a eery warm April, emergence oc¬ 
curred the first of May in Waltham* In Besthierville, 
Quebec, Pavlault (1937) found emergence occurred around 
the twenty-third of May* 
It is interesting to note that although emergence 
occurred sixteen days earlier in 1951 than in 1950 at 
Waltham, prepupae dropped to the ground from up to ton 
daye earlier in 1951 than la 1950* The abnormally warm 
weather of April was followed by unusually cool weather 
In May, which tended to elow down the development of the 
lneect and caused it to approximate the stage ef develop-, 
aent found at that time in other years* As various in¬ 
dividuals developed at different rates, the prepupae left 
the leaves ever a period of eleven days and as a result 
there was a staggering ef generations throughout the sum¬ 
mer so by the last of duly it was Impossible to determine 
which generation an Individual insect belonged* In Table 
3 le given the seasonal histories for 1950 and 1951 at 
Wsltham, Massachusetts* 
Table 3* Seasonal history of £• traallla at 
Halthem, Massachusette* 
1950 
Generation 
1951 
Generation 
U IK . -i.-?i.. 
First emergence Hay 17 June 26 July 25 May 1 June 23 
larvae first 
hatching May 26 July 1 Aug* 2 May 18 July 3 
Prepupae first 
leaving leaves June 7 July 8 Aug* 11 May 28 July 15 
Because of overlapping of generations, the fourth 
generation in 1950 and the third and fourth in 1951 could 
not be determined* 
The adults only oviposit in new leaves and as a re¬ 
sult all the leaves may be attaoked by the first genera¬ 
tion and only the leaves on the outer part of the tree 
were damaged by the eeeond generation* It is these two 
generations that cause the most damage end eo must be 
controlled* Because few nee leaves were produced that can 
be attacked by the third and fourth generations, these two 
generations cause little damage and are of little import¬ 
ance# On sprouts and seedlings that produce new foliage 
throughout tho summer, all stages of this insect can bo 
found oneo the second generation appear#* 
Recently Infested birch seedlings were put in three 
eonetant temperature cablnete, set at 60°, 70° and 80° F*, 
' * , 
to determine the effect of different temperatures on 
development of the various stages* Because of poor air 
« • 
circulation and low light intensities, all attempts rs« 
• *■ 
■ 
suited in the seedlings losing their leaves* 
’ 
' 
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Phenology 
Because excellent control with minimus desage can be 
obtained if the spray ie applied shortly after the adults1 
emergence and because the tiny adults are net apt to be 
ziotieed unless a daily examination of biroh tress is made, 
phonological observations vere recorded in an attempt te 
determine if the emergence can be predicted by another and 
more obvious natural phenomenon* The observations that 
are recorded below vere made in Waltham, Massachusetts. 
It must ba emphasised that these were preliminary studies 
and that observations would have to bo made for many years 
to prove which, if any, of these observations are of any 
value in predieting the emergence date and thus the time 
to spray for the birch loaf minor* 
Pirst Generation* 
Catkins on grey birch (Betula popuIIfolia) were 
beginning to shed pollen* 
Center blossoms on Cravensteln apple trees wore 
open* 
Tent caterpillar (Walacasoma amerlcana) neats were 
about else of a tennis ball* 
Cultivated red currant (Blbes satlnum) was shedding 
blossom petals* 
* Pirst generation observations were made by Dr* ?• Busden 
of the Waltham field Station* 
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Prickly gooseberry (Ribas cmosbatl > was at full 
blocs* 
Second Generation 
Japanese irie were in full bices* 
Common elderberry (Sambucua canadensis) blossom 
beads were three-quarters in blocs* 
Common chicory (Chicorns intybus) was beginning to 
bloes* 
t 
Silvery cinquefoil (Potentiala argontea) bioseons 
were first beginning to opes* 
Upright cinquefoil (Potentllla recta) blossoms 
were just beginning to open* 
Pokeweed (Phytolaca americana) blossoms were show¬ 
ing white but net epen* 
Whorled loosestrife (Lyaimachia cuadrifolia) was 
in full bloom* 
Nightshade (Solanua Dulcamara) was beginning t© 
bloom* 
Delay fleahane (Erigeron etrigasua) had only the 
first blossoms open* 
Wild carrot (Psucue Carota) blossoms were starting 
% 
to opes* 
Hoary slyssum (Berteroa Incana) was in fall bloom* 
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Ths writer measured a total of sixty leaves from 
twelve twigs with the hops that the adult emergence 
could he predicted from the sise of the leaf* Widths and 
lengths of the largest leaves on the twigs wsrs observed* 
k mean and standard deviation were determined* The mean 
plus or since the standard deviation establishes limits 
which would include about two-thirds of the losvos 
measured in any sample* For these figues to be accurate 
the leaves must have eome from a normal population* This 
was determined in Tables A-D of the Appendix where the 
leaves were grouped In a frequency distribution* This 
mothod of determining the normal distribution from the 
aetual date and testing the latter with the normal dis¬ 
tribution by means of ehi-equare may be found in Croxten 
end Cowden (1942)9 pages 272-287* See Table 4 for sum- 
. X 
nary. 
Table 4* An estimate of the else of largest 
leaves at time of adult emergence 
which Includes about 2/3 of the leaves* 
Generation 
First Second 
Generation 
Length 19*80 £ 5*13 an* 
Width 17*40 £ 4*26 mm* 
114*00 £ 24*72 am* 
no accurate measure 
obtained 
It may be seen that in all tables except Table 0 
there was a normal population* The figures from this 
laat table can be considered only rough estimates of the 
width of leaves at second generation emergence unless 
the error is due to random errors of sampling* The 
chance of this is one in a hundred* It ie very likely 
that the samples should have been larger* In Bhode 
Island Kerr (1951) noted the leaves to be from 1/4 to 
3/4 inches long two days after adult emergence* 
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£agl-zf,l 
The earliest reeo#s«Kd*tiR for the control of £* 
papilla* vti to born the leaves of Infested ip§«* or 
to use the® for stable litter ofter heating am e compost 
Olio (dipper 1931)* Ripper had probably confused the 
life cycle of thia Insect with that of Koterarlfr ms con- 
mt». which overwinters lm the leaves* As the bireh 
leaf ml tier overwinter* lm the sell, burning the leave* 
would be of mo value* 
friend (1931) wee the firet to recommend am effect¬ 
ive control for tbl* pest* Ho recommended that 40 per 
cent mieotlae eulfate* diluted in water at the rate of 
1*1000* bo applied twice at weekly Interval* for tho 
first generation* beginning ten day* after the first 
adulta appear* For tho seeoni generation he rseemaended 
throe spray** at weekly Intervale* beginning about *1* 
% 
week* *ft«r the initial application for the first genera- 
V 
tlon* friend obtained iO per cent clean foliage by using 
this method but other worker** Including the writer* have 
found that 100 per cent control nay bo obtained by using 
the came method* 
About thl* same time* felt and Bromley (1931) u*l«g 
a opr ay of 2 per cent Tel ok (a 97 per cent summer oil.) and 
Black loaf 40 (40 per cent nicotine sulfate) killed most 
of the larvae in mines 1/2 inch in diameter or larger but 
found those in smaller mines frequently surviving, which 
is rather surprising as the nicotine sulfate is believed 
to be a much better ovicide than larvleide for tho birch 
leaf miner* Possibly the oil carries the nicotine into 
tho larger mines more readily than into the small ones* 
Hamilton in 1932 was the only writer known to at¬ 
tempt control by using stomach poisons against the adults* 
Ho claimed to have attained excellent results by using an 
unnamed poison which was sweetned with syrup* 
Anonymous (1937c) recommends one pint of 40 per cent 
nicotine sulfate and five pounds of powdered soap or soap 
flakes or three quarts of summer oil per 100 gallons of 
water as a control for this Insect* 
Hodge & Eiekett (1943) and Camming (1946) imply that 
one spray of nicotine sulfate and soap is sufficient* the 
writer found that one spray of nleotlne sulfate gave very 
poor control* Tho former say that some omit the soap and 
add lead arsenate in its place* 
> 
friend (1946) reported on attempts to eontrol tho 
pest with oprays applied by helicopter to five acres of 
Infested birch In Cheshire, Connecticut, The formulation 
which included one pound of BBT, one quart of xylene and 
enough kerosene to make one gallon was applied at the rate 
of one gallon per acre* Tho efficiency of the spray was 
obtained by counting tho dead adults on cloth mats pegged 
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to the ground under birch trees* 41though large numbers 
of adults were present sever*! days before spraying* the 
spray®** plots examined two days after the spraying showed 
mo adults dead or alive on the mats* this was true of 
the check also* Therefore* no conclusions were drawn* 
It appears that either the population of adult sawflies 
dropped off suddenly right before the spraying operation 
or that the sawflles killed were blown off the trees* 
Friend did not mention the effects of this application 
on oviposit!on* 
Meserve in 1947 using two sprays of Syndeet 30 (30 
per cent DO? water eaulsiflable liquid) at the rate of 
one quart per 100 gallons of water against the first gen* 
er&tlon obtained very effective results with clean foliage 
produced* He stated that the manufacturer claimed that one 
pint per 100 gallons of water would be effective* Using 
similar material at one quart per 100 gallons the writer 
obtained opposite results* 
Potts and German (1950) recommended the following to 
control leaf miner when a mist blower is used* One pint 
of mixture is believed to be sufficient to control these 
insects on a medium**!sed tree* To obtain the best emulsion 
the ingredients should be added to the spray tank as in¬ 
dicated in Mixing Sequence* 
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Stiff,rW Anoint Mixing Seaacnc* 
Black leaf 40 1/2 pint 3 
White mineral oil, 
sec. Saybolt 
40-40 1/2 pintj 
\ 
2 
Emulsifier l/2 ounce) 
Water 7 pints 1 
or 
Black leaf 40 V l/2 pint 3 
Liquid soap 6 ounces 2 
hater 7k pints 1 
or 
Hicotlne alkaloid 2 ounces 2 
Kerosene 7l pint* 1 
or 
SIcotine alkaloid 2 ounces 3 
White mineral oil, 
see. Saybolt 
40-60 
l/2 pint) 2 
Emulsifier 1/2 ounce) 2 
Water 7 1/3 pints 1 
Up to thic time (1950), although many of the new 
synthetic organic Insecticides had been introduced, DPT 
was the only one that had been need against this pest* 
The first to experiment with any of the others wee Hamil¬ 
ton in 1950* He found that by uelng lindane 25 per cent 
wett&ble powder 1-50 with two sprays, the first about Hay 
15# He could obtain 100 per cent control against the young 
larvae in mines not more than one-eighth of an ineh in 
diameter* He also found# aa did the writer# that DDT 
did not reduce ovlpoaltion on the infestation* 
* 
Kerr (1951) used 25 per eent aldrln# 25 per cent 
5 
dieldrin# 40 per eent ehlordana# and 50 per eent DPT wet- 
table powders and 40 per cent nicotine sulfate with Triton 
B-195& (modified phthalle glycerol alkyd resin)# a wetting 
* * T ' 
agent# in various concentrations and In varying number of 
* %• 
applications against the larvae of birch leaf miner* He 
obtained excellent control with two applications of 40 
per cent nicotine sulfate# one pint per 100 gallons of 
♦ » i \ 
water# applied 12 and 23 days after adult emergence# but 
obtained poor control with one application* Kerr found 
that better control was obtained with two sprays if they 
were spilled 12 and 23 days after emergence rather than if 
they were applied 2 and 12 days after and that an applica¬ 
tion 23 days after was better than one 12 days after 
emergence* He noted that aldrln two pounds per hundred 
gallons of water of 40 per cent wettable powder used is 
two applications resulted In fair control* Dieldrin# 
r 
40 per cent wettable powder at the same rate also gave 
excellent control with two applications and very good 
control with one application* But with proper timing 
both aldrin and dieldrin at one pound per hundred gallons 
gsve excellent control with one application* Chlordane used 
at 2| pounds par hundred gallons of water with two appli¬ 
cations produced very good control if tha timing ware 
exact but otherwise gars fair control, at tha best* i>RT 
at two pounds par hundred gallons whan applied In three 
sprays gave extremely poor control. 
From tha above results Karr (1951a) concluded that 
nicotine sulfate was probably tha bast control measure to 
apply due to its relatively low cost* although two appli¬ 
cations were necessary. He noted that dieldrin and aid- 
rin were the moat toxic to the larvae of this insect. 
Previous recommendations required the aprllcation of 
two sprays for the first and third or more for the second 
generation. Because of the time and labor Involved In at 
least five sprays for one reason, the writer believed that 
an Insecticide should be found that could control ef¬ 
fectively this insect when applied once per generation 
and thus save a great deal of time, labor, and money. For 
this reason the writer in all treatments with ths various 
insecticides made only one application per generation 
except when using a nicotine sulfate spray for comparison. 
In Hew Jersey two applications of lindane are recom¬ 
mended. The first is made when the eggs are Just hatch¬ 
ing and a second about two weeks later* This schedule 
has resulted In excellent control, lindane is also 
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recom^eoded it* Pennsylvania for the control of the loaf 
Minor* 
The insecticides used by the writer included the 
synthetic chlorinated hydrocarbons, aldrin, dieldrin, 
lindane, toxaphene, DDT, and chlordane; the synthetic 
organic phosphate, parr.thion; and nicotine sulfate* Their 
structural formula as obtained fro® Brown (1951) are given 
below* 
AUfla 
not loss than 95 per cent 
of 1,2,3,4,10,10-hexachloro-l, 
4,4a,5*8,8a-hexahydro-1,4,5,8- 
diethenonaphthaleno 
Dl»ldrln 
not less than 85 per cent 
of l,2,3,4«10,10-hexaehloro-6, 
7-epoxy-1,4,4a-5,6,7,8,8a, oeta 
hydro-1,4,5,8-dlaethanonaphth- 
alene 
1,2,3,4,5,6-hexachloro- 
eyclohexane lindane 8 at least 
95 per cent of the gawaa isomer 
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I&ffig&ai 
The active formula 1» unknown bat eight molecules 
of chlorine are added to camphone. 
Toxaphene s C10K10C18 
v 
PET 
1,1,1 ,-triehloro—2,2-bis-(j£-ch loro-phenyl) ethane 
The principal constituent is 1,1,1-triehloro- 
2, 2-fele-(£-chlerc-ph enyl) eth ane 
1,2,4,5,6,7,8,-oetochloro- 
2*3t3a,4,-7,7a-hexahydro-4#7- 
methaneIndene 
>" - ■ ■ .• 
. . ■» ■ ■ • • , ♦ 
Pftrathioft 
-■ .. * 
0,0—diethyl o-j^-nitrephenyl 
thlophosphate 
S&gS&Vtt (alkaloid) 
3— (1-methy1-2 pyrrolidyl) 
pyridine 
The field aprays were applied with a Bean hydraulic 
spray machine with a capacity of 200 gallons, delivering 
fifteen g&llone per minute at about 300 pounds pressure* 
The laboratory sprays wsre applied with a tiro gallon 
pressure pomp and a on^-quart hand sprayer* la all 
eases both surfaces of the leave* were thoroughly 
covered until run-off occurred* 
Since the sawflies prefer to oviposit under condi¬ 
tions of bright light the upper crown leaves are prefer¬ 
red* Since these leaves weigh wore than the shAde leaves 
and aa the effsetIrenes* of the *pray depends on the 
quality of the poison per given weight of the foliage, 
rather than given area, it was deemed necessary to apply 
more spray material to the upper part of the tree than 
the lower* 
laboratory tests were conducted in the spring of 
1949 to determine if eprays put on the leaves before 
ovipositlon fce^an would prevent said act* Sainfested 
twig* were gathered, separated, and sprayed* After the 
spray had dried, an equal number of sawflios were put in 
each cage containing the sprayed leaves* is the sex 
. *• * . 
ratio of each group of sawflies was not determined or 
fixed it is possible that there was a higher percentage 
of females in one cage then another thus biasing the re¬ 
sults* See Table 5# 
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Table 5* Number of eggs laid per leaf and the 
per eeni of leaves Infested after a 
preovlposition spray* 
Treatment Actual concentra¬ 
tion in lbs* per 
100 gallons 
Eggs laid 
per 
leaf 
Per cent 
of leave# 
Infested 
7 
DOT 1*0 0.22 9.1 
Chlordans 1*2 1.63 30*7 
lindane 0*75 0*31 15*0 
Texaphene 1*2 0*41 10*2 
Parathion 0*15 0*14 3*0 
None 1*13 18*4 
Because it was believed that one insectleide say dif¬ 
fer from another in the degree of infestation it weald 
permit on a leaf, the data were analysed in Table B of 
Appendix Being an I x C chi-squre teat* The high chi- 
square obtained indicates that the chance of the dlffer- 
enoe between the degrees of Infestation being due to ran— 
don errors of sampling is loss than one in a hundred, or 
In other words, there was a definite difference among the 
insecticides In the prevention of ovlposltion and the 
amount of oviposition resulting* It may be seen from 
this table that parathIon gave the beet results with 
many fewer Infested leaves observed than expected and with 
more uninfested leaves than expected* BBT and toxaphene 
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were ths two next best and ehlordane and lindane gave the 
poorest resulta* 
A similar eh1-square analysis was undertaken In table 
F to determine if there was any difference between the 
effectiveness of DDT and toxaphene* The results indicate 
that the chance of the difference between the two insecti¬ 
cide* being due to random errors of sampling was about 88 
out of 100* or in other words* there was no difference in 
the effect of the two insecticides* 
To determine if there was any difference between 
ehlordane and lindane another analysis was aads in Table 
6 of the results obtained from treatments by these two 
materials* It may be concluded from this tost that the 
ehanee of the difference between the two being due to ran¬ 
dom errors of sampling is much less than one is a hundred 
so the amount of infestation is not independent of the 
treatment* If reference is made to Table C It will bo 
seen that lindane is the better of the two* 
Because DDT markedly reduced ovlposltioa in laboratory 
tests* is act injurious to foliage* and has a long residual 
action* it was applied to four birch trees in the spring 
of 1951* at the rate of one pound actual per 100 gallons 
of water one and eight days after the first adults emerged* 
Small twigs wsre cut sff the trees and the infestation 
on the leases* counted until at least one hundred leaves 
were examined on each tree* The remaining leaves on the 
twig os which the hundredth leaf vas located were alee 
counted in case the female preferred leaves on one part 
cf the twig more than leaves on another part* See 
TabIs 6 for results* All of the eggs ' tound at the time 
of count i May 21, were dead* 
Table 6, , Eesults of BBT spreys to prevent ovipoaition* 
Treat- Tree Tat.# # Infested % loaves # Eggs # larvae * 
meat loaves leaves Infected Found Found Bead 
1 155 107 41.29 47 464 12.62 
2 114 72 36.71 25 289 7.76 
BBT 
3 145 107 42.46 39 548 6.64 
a 
4 105 44 30.47 6 167 4.57 
1 109 46 37.71 23 244 7.36 
2 120 91 41.55 23 275 7.72 
Bone 
3 117 62 41.21 16 254 5.93 
4 ioa #3 43.46 18 286 5.92 
A •t-test* was need to determine if there vac any differ¬ 
ence between the per cent leaves Infested in the treatment 
and in the cheek and if there was a higher kill in the BBT 
spray than In the cheek* See Tables K and I in Appendix* 
from Table H It nay be concluded that there ie no 
difference in the per cent infestation between D0T and 
the check, therefore BBT did not prevent ovipoaition in 
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the field# The standard error of the seen, 2#96 indi¬ 
cates that 66.27 per cent of the means of the DDT popula¬ 
tion will fall between 2&«23£ 2.96 per cent and a like 
» . 
per cent of the means of the cheek population will fall 
between 4$#96 £ 2*96 per cent# 
- 
It may be seen from Table X that there was not a 
significantly higher percentage of death in the DDT treat- 
r *, r 
meat than in the cheek* Therefore* DDT does not control 
opposition even to a small degree. 
l£& teu» 
On May 20* 1950 three sprays were applied to three 
it * * 
trees to test their toxicity against the eggs of P.pus ills. 
The per sent kill in all egg sprays was obtained by com- 
• 
paring tho number of eggs found (the dead) with the number 
of larvae (the alive). Xt must be remembered that beeause 
the larvae in a heavy infestation will eat tho dead eggs* 
the observed number of dead will be loss than tho actual 
number* 
A low number of egg soars per loaf indicates that 
most of the eggs hatched and so were not killed by the 
insecticide# The per cent deed was obtained by compar¬ 
ing the audber of egg scare with the number of larvae 
that hatched* Xt is possible that the per cent dead was 
a little lower than given above because* at the time of 
counting* the prepupae were starting to drop from tho leaves# 
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For resulta see table 7* 
Table 7* Effect on birch leaf miner eggs 
ef three sprays. 
Insecticide Actual Concen¬ 
tration lbs*/ 
100 gallons 
Egg scars 
per leaf 
Larvae per 
leaf 
Per Cent 
dead 
Lindane 0*75 2*01 0 100. 
Chlordane 1.50 0*41 0.7 39.0 
Toxaphene 1.20 0.26 0.000 97*0 
Hone - - r - 0*07 1.0 4*0 
On June 30, 1950 two trees eentsinlng second genera¬ 
tion eggs were sprayed with s 25 per cent ODT emulsion, 
one quart per 100 gallons of voter and with 40 per cent 
nicotine sulfate, at a concentration ef 1-1000* The 
former gave 14*3 per cent control and the latter 34*7 
per cent control* Because of the poor oontrol obtained, 
these two insecticides vers not considered for further 
trials* (Hieotine sulfate was used later but at the rate 
ef store than one epray per generation*) 
*■ . ■ 
Also on June 30, 1950 four potted seedlings were 
sprayed with three insecticides, at reduced concentrations, 
that were found to be effective against the first genera¬ 
tion e and also with a 97 per cent summer oil (Volck). The 
results are given in Table 0* 
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Table 8. Effect of various insecticides on eggs 
on potted plants. 
Insecticide Concentration in Per Cent Dead 
lbs* * per 100 gal. 
Chlordane 0.75 04# 
Toxaphene 0.00 0 
lindane 0.50 80. 
Summer Oil 2 gal. 12. 
Because of the email number of leasee on potted seedlings 
and as only one plant was ussd per treatment* these re¬ 
sults can be only considered estimates of more accurate 
data that would be obtained if trees or several potted 
plants had been used. It la apparent from these data 
that a reduction of toxaphene to 1.2 pounds actual per 
• .* 
100 gallons of watsr was too great to obtain eontrol and 
• ■* 
that a summer oil spray was of no value against the eggs 
of this insset at coneentratIons that would not injurs 
* 
the plant. 
On Hay 16# 1951 fivs sprays wore applied in the field 
against the first generation eggs. Pour replicates were 
used with each spray and 100 leaves were counted from each 
replicate. Sodium salicylate# at the rate of 1/4 pound 
per 100 gallons of waterf had been recommended as a means 
cf aiding penetration of the insecticides Into the leaves 
and so tbs sprays wsre applied with and without this 
chemical* The results were analysed by using an analy* 
sis of variance with three criteria of classification. 
Because the check and toxaphene were obviously different 
from the insecticides analysed and as no sodium s&lyci* 
late was added to the two sprays of nicotine sulfate, the 
results of these were not analysed with the others. See 
Tables 9 and J for results. 
Table 9* Effect of insecticides with and without 
sodium salycilate on the eggs. 
Insecticide Actual Con* Addition Replicates * % Eggs Dead ffs?.n 
centratlon 
#/lOO gal. 1 2 3 4 
Chlordane 1.6 With 100. 100. 100. 99.74 99.93 
Without 100. 99.16 99.36 100. 99.64 
lindane 0.25 With 100. 100. 99.71 100. 99.93 
Without 9.9 100. 99.61 100. 77.63 
Aldrln 0.75 With 100. 100. 99.78 97.13 99.23 
Without 97.22 100. 100. 100. 99.30 
Bieldrin 0.75 With 99.93 100. 99.86 99.70 94.37 
Without 100. 99.65 100. 100. 99.96 
Toxaphene 1.0 With 32.69 51.65 73.40 13.74 42.87 
Without 99.06 31.62 60.15 93.90 71.23 
Nicotine 
sulfate 1 pint Without 99.53 100. 100. 100. 99.88 
Bone "MW 7.2 2.6 1.9 6.0 4.42 
The main conclusions to be reached from this analysis 
srs that thore was no significant difference between the 
ovitoxicity of these insecticides at the concentrations 
used} that adding sodium salycilate did not influence the 
action of these insecticides} and that the replicates all 
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eaxte from one population. It is to be noted that the very 
poor results obtained with lindane in one of the replicates 
»•*»*'• , ■ -1 /1 ■ * * , f ‘ 
was offset by its excellent control in the other three 
replicates* 
Because toxaphene 0«d pound actual per 100 gallons 
of water gave no control in laboratory tests, it was used 
at 1*0 pound per 100 gallons of water* Because the conbol 
obtained showed much irregularity, 1*2 pounds was considered 
to be the minimum dosage effective against the eggs* Nico¬ 
tine sulfate compared favorably with the insecticides in 
Table 3# 
Four Inseotieides were applied to third generation 
eggs and because the population varied greatly on the 
, - • » * ». i \ 
different saplings that were used, there was a great var- 
* 
lation In the number of eggs found* To analyse these data 
■m « * 
a special method of computing chi-square in an Rx 2 tabls 
was used* It is obvious that each of the Insecticides gave 
excellent control but it was believed advantageous to find 
. .v* - i .* * f r * 
out which are the better insecticides at those concentre- 
. u •* vr 
tlons* See Tables 10, % and t, for results* 
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Table 10* 
Treatment 
Effect of insecticides on 
oggs. 
Actual Concentration 
per 100 gallons 
third generation 
i Per Cent Pead 
lindane 0.75 100. 
Toxaphene 1*20 97. 
Aldrin 0.75 99,31 
Dieldritt 0.75 99.85 
from Table K it aay be concluded that the probability 
of death ie dependent upon the treatment need* As toxa- 
phene gar© the poorest control# the data were again ana- 
lysed in Table t# without toxapbene. From this it was 
concluded that the three insecticide# differed in their 
toxicity to the eggs at the concentrations need* This 
was likely due to the low toxicity of aldrin* 
0© duly 18# 1951# two seedlings were treated with a 
20 per cent lindane exulslflable concentrate# at the rate 
of one-quarter of a pound of actual lindane per 100 gallons 
of water# to determine if a household spray such as this 
oould be eafely need on birch trees# if need be, (See 
page for offoots on foliage*) This concentrate con¬ 
tained 20 per cent lindane# 56 per eent xylol# 5*5 per 
cent cyclohexanone# and IS*5 inert ingredients* At the 
time of the spray applications, the seedlings eontained 
eggs and early larvae* The control on one seedling was 
75 
97.3 |w ooist and 6a the other per sent* Therefore, 
on* *®y presume that a lindane emulslftable concentrate 
meed at the proper concentration will effectively con¬ 
trol the egg and early larval stages of the birch leaf 
miner* 
To determine if aldrln and dleldrln could be used 
at a lower concentration than they have been previously, 
potted plants were sprayed with four concentrations of 
these insecticides using three replicates* See Tables 
11 and K for results* 
Table 11* Effect of various concentrations of 
dleldrln and aldrln on eggs* 
Actual Concen- Plant Treatment - Per Cent Dead Per Cent 
tration - lbs*/ Hone Dleldrln *ldrln Dead per 
100 gallons Plant 
0*50 1 7.4 100. 98.0 
2 3.2 100. 100. 
3 9.7 100* 100* * 
Mean 6.8 100 99.3 68.7 
0*175 1 6.5 100* 100. 
2 7.1 98*1 99.3 
3 4.4 100. 98.9 
Mean ~Z7o 99.4 99.4 68.3 
0*25 1 9.2 83.8 96.7 
2 8*4 95.0 96.4 
3 8*9 100* 90.0 
Mean 8*8 92.9 94.4 65.9 
0.125 1 10.5 96.7 87.5 
2 3.3 81*4 91.3 
3 9.9 88.7 92.7 
62.4 Mean o wrr 90.5 
Per Cent 
Dead Per Plant 
i ■», 
7.4 95.3 95.9 
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this table shows *s sight bs expected that there 
was a difference in control with the different concen¬ 
trations used* A concentret on of 0*25 pound per ICO 
gallons was the lowest to give excellent control* 8© sig¬ 
nificance nust be given to the checks in the various con¬ 
centrations because they were placed in the concentration 
classes arbitrarily* As would be expected* there was a 
groat difference between the two treatments and the check* 
There was no difference between the two insecticides* The 
interaction F*s shew that there was no difference between 
the two insecticides at the various levels of concentra¬ 
tion* In other words* the toxicity of both insecticides 
declined at the sane rate as their concentrations were 
reduced* Ae these tests were made late in the summer of 
1951* there was no opportunity to test them in the field 
at these reduced eoncentr tiona. Without field tests no 
definite recommendations should be made* 
It was noted that each insecticide after killing the 
egg* affected the eggs and the leaf tiesue around it in a 
characteristic manner* Given below is a description of 
these effects* 
Effect of insecticides on grey birch leaves* 
Parathions One week after spraying the tree appeared 
healthy* The Infested areas were a dark reddish-brown* 
darker than usual* The upper surface of infested 
leaves was also darker than normal* Three weeks after 
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spraying all the young loaves wore yellowleh green 
and many had dropped off* Because of this phytotox¬ 
icity and its high mammalian toxicity, parathiexi was 
not tested further* 
Chlordanes there was a brown epot where the egg was 
laid, which wae usually about two millimeters In di¬ 
ameter, but some were even four millimeters (oee 
Figure 13), The area around the egg was dark with 
transmitted light and lighter with reflected light* 
There were tiny brown specks around the ogg which 
wore especially noticeable on the lower surface of 
the leaves* The leaves were quite wrinkled and the 
lower surface wae several shades lighter than the top* 
Aldrint tftth transmitted light there was a dark area 
around the egg, as with ehlordane, but in this case 
it was smaller* With reflected light, this same area 
was whitish green on the upper surface and yellowish 
green on the lower surface of the leaf* On both the 
upper and lower surfaces wore found black spots 1-2 
millimeters in diameter* The leaves were less wrinkled 
than with chlordane* (See Figure 14)# 
Toxaphenes About the same as aldrin* 
Bleldrint Specks that contained a small clear area were 
present around the eggs* The color was quite uniform 
on both the upper and lower surfaces of the leaves* 
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Lindanes There wee heavy brown speckling on the under¬ 
side of the leaves* The area around the eggs was 
slightly darker with transmitted light and slightly 
lighter with reflected light than the rest of the 
leaf* This changing of the color of the tissue was 
always bordered by veins* There were usually, but 
not always, dark spots where the dead eg e were* The 
lower surface of the leaves were paler than normal 
and there was a light amount of wrinkling of the leaves* 
The lindane emulelflable coneentrate when applied to the 
trees gave results similar to the wettable powder ex¬ 
cept that the mines wers s darker color* 
The observations on the last five insecticides were 
made nearly one month after the sprsye were applied* These 
effeete detract very little from the appearance of the 
tree and are discernible only when the leaves are closely 
examined* 
Larval Sprays* 
On June 2, 1950 three sprays were applied against 
third Instar larvae of the first generation* Because 
most of the larvae that survived the treatments had left 
the leaves at the time of examination, the results were 
analysed on the basis of the number of dead found* The 
type of analysis used is a single classification analysis 
of varianco for sub-samples with different number of 
individuals. Seo Tables 12 and N. 
Table 12. Effect of insecticides on third instar 
larvae* 
Treatment 
lindane 
Toxaphene 
Chlordane 
hone 
Actual Concentration Dead larvae 
(lbs. per 100 gals.) per infested 
leaf 
0.75 
1.20 
1.20 
5.3 
4.0 
3.9 
0.037 
It can be seen from Table 12 that the number of dead 
in the treated exceeded the number dead in the cheek by 
over a hundred times, so obviously the insecticides had 
a very toxic effect on the larvae. Table N shows that 
there was no significant difference between the number 
of dead found in each of the sprayed trees. 
On July 7, 1950, against the second generation 
larvae, tho same insecticides were used at reduced 
concentrations and also a 25 per cent DDT oil emulsion 
(Postmaster). From one to four trees were sprayed with 
each insecticide. See Table 13 for results. 
0 
Table 13« Effect of four insecticides on larvae* 
Treatment Actual Concentration 
(quantity per 100 
gallons) 
Per Cent 
Dead 
Toxaphene 0*80 lbs* 28.8 
Lindane 0.375 lbs* 78*75 
Chlordane 0*80 lbs* 76.8 
DDT oil emulsion 0*30 pints 40*0 
It can be seen from this table that a reduction of 
toxaphene to 0*80 pound brought very poor results* This 
fact was noted previously about its ovlcld&l properties* 
A DDT oil emulsion is of no value as a larviclde at this 
concentration* It was used with oil in the belief that 
the oil night aid the penetration of OCT through the 
leaf epidermis and thue cone in contact with the larvae* 
Undoubtedly this did not occur because if the DDT had 
cone in contact with the larvae, it would have very 
likely killed then* lindane and ehlordane did not 
give good control at these concentrations and their 
amount of control was below that using the same concen¬ 
trations against the eggs* 
On the same day as the previous test, a laboratory 
test was performed using the two most promising insecti¬ 
cides at that tlms, lindane and ehlordane, at varying 
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concentrations. One seedling tree need for each spray. 
See Table 14 for results. 
fable 14 • Effect of different concentrations of 
lindane and chlordane on larvae. 
treatment Actual Concentration 
(lbav at 100 gallons) 
Per Cent 
Control 
Lindane 0.50 
/ <* 
100. 
0.375 
t 
100. 
0.25 100. 
0.125 70.4 
Chlordane 0.80 53.3 
0.60 27.5 
0.40 18.5 
0.20 12.0 
from these data It say be seen that chlordane should 
not be used at a concentration as low ae 0#80 pounds 
actual per 100 gallons of water and that further studies 
should be made with lindane to see if the same excellent 
results can be obtained at 0.25 pound per 100 gallons of 
watsr in the field as well as in the laboratory experi¬ 
ments. It was noted previously that chlordane gave bet- 
»• 
ter control at 0.00 pound per 100 gallons of water than 
it did above and that lindane gave poorer control at 
0.375 pound aetucal per 100 gallons of water than it 
did above. 
A larval test was conducted identical to the one 
applied to the eggs on my 16, 1951 (Table 9)* The 
earn insecticides, at the same concentrations, with and 
without sodium salicylate were used* Because of a pro¬ 
longed rainy period the spray application was greatly 
delayed and as a result, the spray was being put on as 
the prepupae were beginning to drop from the leaves« 
Host of the larvae at the time of application were in the 
fourth instar* A count was made of one hundred infested 
leaves* It was thought desirable to pick the leaves that 
contained the younger larvae because if the nature larvae 
had been picked, they would have been apt to nolt and 
leave the leaf before the counting was completed* That 
was the only time In all the tests that the leaves were 
not picked randomly* 
The check and toxaphene were not analysed with the 
others because they resulted in a low kill and chlordane 
was left out because of the unusual results it produced* 
The latter was comparatively good without sodium salicy¬ 
late and below the average with It* It is possible that 
a 
these results with chlordane are due to the technique of 
spraying* With this technique the bag of insecticide was 
added to the water In the spr&y machine and then mixed* 
After what was considered adequate time for proper mixing 
to take place, a series of trees wore sprayed* After 
thoroughly covering the trees* the tank was emptied to 
the proper level to add the sodium salicylate and have 
It In the right proportion. It Is possible that the 
ehlordane had not been thoroughly mimed In the spray tank 
and was sucked up through the hose la a concentrated form 
and thus gave a higher kill than would be expected. The 
poorer kill with sodium salicylate would thus be the 
result of the material being applied In a lower concen¬ 
tration than Intended because of the spraying with and 
draining off of the concentrated chlordene. 
See fables 15 and 0 for the results of these sprays. 
fable 15* Effect of treatments with and without 
sodium salicylate on the larvae. 
Treatment Actual Con¬ 
centration 
(lbs/100 gal. 
Addition fiepllcates 
) i 2 
- Per Cent 
_ 
3 4 
Mean 
lindane 0.25 With 35.4 37.4 32.2 33.6 34.6 
Without 34.0 32.1 31.9 36.0 33.7 
Aldrin 0.75 With 27.6 25.0 28.3 24.9 26.4 
Without 22.2 24.6 24.9 23.6 23.8 
Dieldrin 0.75 With 21.3 21.7 19.8 18.2 20.2 
Without 10.0 19.2 19.4 15.3 18.2 
Toxaphene 1.0 With 3.4 4.9 2.5 3.5 3.6 
Without 1.3 1.6 3.0 1.7 1.9 
Chlordane 1.6 With 72.2 64.7 70.2 69.9 69.2 
Without 13.9 14.7 17.3 12.2 14.$ 
Hone 1.3 3.4 4. 6 0.8 2.5 
fable 15 shows that toxaphene le of no use whatso 
aver against the larvae as they reach maturity. Many 
Many things can bs learned from table 0* It suggests 
that the eddltien of sodium salicylate may raise the 
per cent control slightly but significantly* there is 
obviously a great difference between the effects of the 
different insecticides* the replicates are shown to 
have all come from one population oo therefore all the 
tree# that were supposed to have been treated alike, were 
treated alike* It may be concluded from the first order 
Interactions that in each replicate each insecticide 
worked the same* that in each replicate the additions 
worked the same way* that the additions worked the sa e 
way on all Insecticides* 
Is the last experiment gave only comparative results 
and dieldrin and aldrin had not been given an opportunity 
* 
to show their actual toxicity* a field te t was conducted 
using these two Insecticides against the third Instar 
larvae* In tables 16 and P the results are summarised 
and analysed* The analysis was made by using the chi- 
square 2x2 method* Seventy leaves were 
each tree* 
counted from 
Table 16. 
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Insecticide 
Aldrin 
Dieldrin 
Per cent control of third instar 
using dieldrin and aldrin. 
Actual Concen¬ 
tration (lbs. 
at 100 gal.) 
Re;llcates - Per cent 
_Control 
x a T 
0.75 96.11 97.39 92.62 
0.75 96.81 92.86 95.51 
As Table 16 easts sobs doubt as to whether the two 
insecticides differ* the analysis was made as in Table 
P. Test #2 was the only one to show that the two in¬ 
secticides differed significantly. In this one aldrin 
eras the better but in the other two dieldrin appears 
better. 
To shoe if there mas some tendency that mould make 
one of the sprays significantly different from the other* 
and if this tendency was in one direction, and if the 
control w s consistently better for one Insecticide than 
for the other* the total* pooled* and the interaction 
chi-squares were calculated. The results are in the last 
4 
part of Table P. The total chi-square indicates that 
there is a definite difference present but the pooled 
shows that it may be in one direction. In this case the 
pooled chi-equare was offset by compensating factors* the 
significant deviation in the direction of aldrin was bal¬ 
anced by the two insignificant deviations in the favor of 
— 
dUHrin# From the interaction obi—square it was learned 
that control vac not in all eases tetter for one insecti— 
side than another* is this analysis indicated that one 
Insecticide was the tetter in one teat hut net in the 
others* it «ag|t t» that the treatments ears not »»i~ 
form in nature. This writer believes that if mere treat- 
meets had been made that the t^o insecticides would prove 
to be about equal Is their toxicity to this stage of the 
insect* The reason for this is that the pooled ehl«square 
indicated such a possibility and the interaction would have 
also except that teat #2 Increased it greatly# The devi¬ 
ations are so low In two eases that the poe^ibl Ity 
arises that the deviation in tert #2 was due to random 
errors in sampling* is indicated* the chances of this 
are Iocs than one in a hundred* It is also possible 
that the foliage of one tree was more thoroughly sprayed 
than that of another or that the larvae in one tree wore 
older than the larvae in another* 
how that it was found that aldrin and dleldria could 
be very effective against the larvae* it w%a considered 
desirable to determine how far the concentrations of these 
Insecticides could be reduced and still be effective* 
Three seedlings wore treated in each cprey application 
and aXl the Infected leaves on each seedling were counted# 
The data were analysed by using an analysis of variance 
with replicates test* So© Tables 17 and Q for results* 
fable 17* 
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Effect of treating larvae with aldrln 
and dieldrin at various concentrations* 
Actual Con- Plant 
eentratione 
lbs./100 gal. 
Treatment - Per cent Dead 
Mone Aldrin Dieldrin 
Per cent 
dead per 
plant 
1 7.4 91.3 96.0 
0.50 2 3.2 96.4 92.8 
3 9*7 95.9 97.3 
Kean 6.6 94.5 95.4 65.6 
1 6.5 95.3 90.0 
0.375 2 7.1 93.1 88.7 
3 4.4 90.3 92.3 
Mean 6.0 92.9 90.3 63.1 
1 9.2 87.8 78.6 
0.25 2 0.4 90.0 87.4 
3 0.9 82.2 91.2 
Mean 8.8 86.7 86.3 60.6 
1 10.5 60.3 66.7 
0.125 2 3.3 74.2 82.8 
3 9.9 69.7 83.2 
Mean 7.9 68.1 84.2 53.4 
Per cent dead 
per plant 7.4 85.5 
% . 
89.1 
Proa this analysis it nay be learned that the effect 
varied with the concentrations, as would be expected by 
observing the data, and that there was a difference be¬ 
tween the two insecticides but it was not as great as 
the difference between the effects of the different 
concentrations* As would be expected, there was a great 
difference between the insecticides and the check* The 
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first interaction shewed that, at different levels of 
concentration, there was a difference between the two 
insecticides. At 0*125 and 0.50 noand actual per 100 
gallons of water, dieldrin wa the better; at 0.25 pound 
they were the same and at 0.375 pound, sldrln proved to 
be the better insecticide. It appears probable that. If 
larger tests were made, dieldrin would prove to be the 
better of the two. 
lindane was the only Ineectielde that w®s thoroughly 
tested and consistently gave excellent results. Because 
of this the seeond generation immature insects in 1951 
* • 
were sprayed in the field at different ages to determine 
* V 
how much the oontrol differed using the lowest concentra¬ 
tion at which lindane had been found to bo effective, 
i.e«, 0.25 pound per 100 gallons of water. The results 
ars given in Table 10. 
fable 18* The effeetlveness of lindane, 0.25 
lb. per 100 gals, on leaf miners of 
varying ages. 
Sewly laid egga 
nature eggs 
Larvae in eeeond inatar 
Larvae in third inatar 
Larvae in third and fourth inatar 
Larvae in fourth inatar and prepupa* 
Per Cent Dead 
98.95 
96.41 
95*31 
98.47 
96.40 
99.59 
91.84 
90.33 
99.21 
96.36 
68.93 
76.36 
46.29 
16.06 
It may be readily seen that lindane killed the newly 
laid eggs aa well aa the third inatar larvae but once the 
insect was past this stage, the mortality dropped off 
rapidly. This may be because the larger sized Insect 
can absorb more insecticide without any toxic results 
or that the mature larvae and prepupae have stopped 
eating. Por the latter to be true, lindane would have 
to act as a stomach poison and so kill the larvae as they 
feed on the Impregnated tissues. 
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To determine if the sell stages of thie insect, the 
prepapae and pupae, can be killed by treating the soil, 
toxaphene and lindane were applied on October 13# 1950 
to soil under two saplings that had net been previously 
sprayed* Lindane waa applied at the rate of two pounds 
of aetual insecticide per acre and toxaphene at the 
rate of 25 pounds actual per acre* A wettable powder 
was used* &ater was then liberally sprinkled on the 
sell* The dosages were arrived at by using the concen¬ 
trations applied against other insects In the soil* Zn 
the spring two cloth sages were eet under eaeh tree ever 
the treated and untreated half of the soil and the number 
of adults emerging waa noted daily* For results see 
Tables 19 and H* 
Table 19• Effect of applying lindane and 
toxaphene to Infested soil* 
Insecticide ffamber emerged in Per cent reduc- 
Check Treated tion based on 
check 
Lindane 230 4# 20*9 
Texaphene 105 16 15*2 
It cn be seen that soil treatments affected the 
emergence but not enough to be of value* There was no 
significant difference between the effects of the two 
methods* Further tests with stronger concentrations and 
with other insecticides might prove that all the prepupae 
and pupae la the soil could be killed, but this would 
not be feasible except where isolated birch trees are 
Infested because the Insect would come to the trees under 
which the soil has been treated, fro® untreated soil* 
However, this experiment does prove that spray dripelings 
frost trees treated with stable Insecticides will help re* 
duee the birch leaf miner population* As shown in Tsblo 
26, there was no significant difference between the two 
insecticides* 
It is possible that some of the spray run off is 
absorbed by the tree and taken to the leaves where it 
would kill the nlners* A combination of chlordane, lin¬ 
dane, aldrln, dleldrln and toxaphene were applied to the 
soil in a dose that would wake up a one gallon spray of 
each at the concentrations previously found to be offeet* 
ive in controlling the eggs and larvae* The tree need 
was about six foot tall and three feet wide and had not 
been previously sprayed* Xt was heavily Infested through* 
out tho summer* Five gallons of water were put on the 
soil to wash in the insecticides* If positive results 
were obtained it was the intention of the writer to test 
each chemical separately and see which one had the greatest 
systemic value* At the time of application, June 19, 1951, 
the leaves contained mature larvae which soon molted and 
fell to the ground as prepupae* On July 12, 1951 the 
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gaae sell was treated with ths insecticides used previously 
only at four times the previous strength* A combined 
count of the larvae and eggs made on July 24# 1951 showed 
1623 to be dead and 894 to be alive which is a mortality 
of 64*48 per cent* Most of the larvae dead were in the 
first and second instar* This seems to indicate that 
there was systemic action* On September 6 and 10# 1951 
further counts were made# only this time the eggs and 
larva# were counted separately* The results are In 
Table 20* 
Table 20* Effect of soil treatments on 
sggs and larvae of £* pusilla* 
.* 
Bg«4 AIAsa iSJL Ssslt $£*!& 
Fgg# 3232 0 100* 
Larvae 95 1900 4*76 
Zt appears that one or more of the Insecticides was 
toxic to ths eggs but not to the larvae* Zt is possible 
that the leaves were hardening up enough to prevent the 
egge from hatching or the very young larvae from feed¬ 
ing# but were not hard enough to prevent the older 
larvae from feeding* There wae a higher per cent of 
larvae dead on July 24 than on September 6 which may 
have been due to the fact that tr&nslecation was more 
rapid In July than September and consequently more of 
the insecticide reached the foliage then* To reach more 
95 
definite conclusions on this matter* mere testa would 
hare to be conducted* 
Although the leaf miner feeds on all the tissues 
between the epidermal layers of the leaf* the question 
arose as to whethor the insecticides ean penetrate equally 
r 
well through both surfaces of the leaf or is one surface 
sore permeable* to determine this fire insecticides were 
applied with a paint brush to leares Infected with eggs* 
The results are given In Table 21* 
Table 21* Effect of fire Insecticides on eggs when 
Insecticide 
applied to only one surface 
Actual Conceit- Surface Humber 
tration (lbs* Treated Dead 
per 100 gal.) 
of the 
* 
Humber 
Alive 
leaf* 
Per Cent 
Dead 
Chlordana 1.6 Upper 2d 
4* 
468 
V 
5.69 
Lower 130 33d 27.7d 
Dieldrin 1*0 Upper 62 4ld 12*92 
Lower 454 410 52.54 
lindane 0*75 Upper 153 75 67.11 
Lower 953 340 95*97 
Aldrin 1.0 Upper lai 270 40.13 
Lower 644 99 d6*6d 
Toxaphene 1*2 Upper 12 221 5.15 
Lower 50 258 15.11 
The insecticides were used at high concentrations to 
insure toxic action* The per cent control for each in 
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lecticidi should net be considered an estimate ef the 
control they can attain because the crude method of 
application used* It is obvious that there was e sig¬ 
nificant difference between the upper and lower surface 
applications, with the bottom treatments being the bet¬ 
ter* Thus* the lower leaf surface is the most permeable* 
Apparently, the punetores made by the female during ovi- 
position heal rapidly enough to prevent facile penetration 
of the chemicals* 
Kerr (1951) lists the following three moans by which 
insecticides can enter minest 
1) diffusion in aqueous solution through the cuticle and 
7 
epidermis* 
2) solution and diffusion In lipid phase through cuticle 
and epidermis* 
3) diffusion in vapor phase through stomata* 
* 
The last appears to bo the best explanation of why 
better control was obtained by treating the lower surface 
* 
because the vast majority of the stomata are found there* 
It may also be possible that the insecticides entered the 
stomata as particles in an emulsion* If it was found that 
these epray particle* were small en ugh to enter the atom- 
• . * % 
ata in an emulsion, it seems more logical that they were 
pulled in by eapil ary pressure than in a vapor state be¬ 
cause all these insecticides, except lindane, have a low 
vapor pro sure* These insecticides are only very slightly 
< * 
97 
soluble in water feat the slight amount of eheuicals going 
into solution way fee enough to kill the egge once the 
water has entered the leaf* It ie also possible that 
the higher kill from the lower surface was because that 
surface had more hairs on It and so retained the spray 
i* 
particles better* 
the explanation of the kill produced by treating 
the upper surface may be due to the solution and pene¬ 
tration of the lipid phase because the insecticides used 
are lipid soluble* Other possibilities are that the 
tissue wao penetrated by adsorption or chemical reactions* 
A test was conducted to determine if the Insecticides 
could bo translocated from one side of the loaf to the 
other* The right side of leaves that were infested with 
larvae, wer# treated with four Insecticidee at the case 
concentrations as in the previous experiment using a aint 
brush as before* See Tables 22 and S and T for results* 
Table 22* The effect on larvae of treating one 
half of Infested leaf* 
Insecticide Per cent dead on half of leaf 
Treated Bntr«*at< 
lldria 100. 100* 
Lindane 96.9 96*# 
Chlordane 80.6 #5*7 
Dieldrln 72*7 ##*0 
Kean #7.6 92.62 
It nay be concluded from Table S that there was 
HO difference between the two sides of the leaf, 
therefore a great deal of translocation of Insecticides 
occurred within the leaf* This table also shows that 
there was a difference between the effects of the in¬ 
secticides but that Is inconsequential In this test* 
To show if there was an inherent tendency for one side 
to be better than the ©tfcer, that would not show up in 
an analysis of variance, a chi-square analysis was made, 
in Table T* This ehows there was no such tendency* 
To datemine if the leaves retained their toxicity and 
thus kill any other pests attacking birch, twigs that had 
been sprayed about one month previous, were put in Jars 
of water in flo er pots and then covered with lamp chim¬ 
neys that had a fine cloth across the mouth* for com¬ 
parison tins prayed twigs and twigs that had been sprayed 
the previous day were included* Then twenty Japanese 
4 
beetles wer put in each cage* Chlordane was Included 
in the test although it may not be texle to the adult 
of this insect* The first day that the cheek contained 
a dead beetle the test was concluded* See Table 23 for 
results 
Table 23* * A bioassay test with several Insecticides 
using Japanese beetles to determine if 
the leaves are still toxic one month 
after being sprayed* 
Days after Treatment - mi&her dead____ 
test started Chlor- Lin- Toxa- Aid- Dial- Fresh Check 
dans dans phene rln drin Lindane 
0 — — — — — 7 mori¬ 
bund 
1 - 111- 9 
2 - - 3. 10 3 7 
Total , 0 1 4 11 3 16 
Zt appears that aldrin vas the only insecticide that 
one month after being applied to the foliage, eould ap¬ 
proach the toxicity of a spray applied recently* The 
results are not actually comparable because these ehem- 
% 
leal# vary is their toxicity to the Japanese beetle* 
The import ant part is that some of them do appear to 
* 
retain their toxicity ever a long period and thus may 
reduce an infestation of other pests of birch vhieh ap¬ 
pear later In the season* 
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iBSSet Bnemlee 
Parasites were not of any consequence in the control 
of this insect in the region where the writer did his 
research* Only once on May 24, 1951# were par'sites 
noted attacking it* On this oscaslon three undetermined 
hyaenepterotse parasites were found feeding en one late 
Instar larva. Attempts to rear these parasites were 
unsuccessful* Friend (1933) reared four apeeies of 
chaleldold parasites fro* Infested larvae, namely: 
Chryocharla wlilpw (Gahan) 
Closterocercus utahensls utahensls Cwfd* 
aajsmdLCvfd* 
Derostenua diaatatae (Howard) 
Oaviault (1937) in 1930 reared Clrrospllus plctus (Woes), 
an eulophld, in Quebec* Delia Torre (1901*02) reported 
Tranesema pedella to be a parasite of jP. pusllla in 
Smrope* Paviault (1937) and Friend (1933) likewise 
noted an extremely low amount of parasitism* 
To combat Hoterarthrue newerata* never*1 epeelee of 
parasites were liberated in Maine in 1934 7 (Dovden 1934)* 
Included in these liberations were? two species that also 
attack £♦ pusllla* liberated were five hundred females 
of Fhanoaterls phvllatemae Muerebeck, a braeonid, which 
attacks the larvae and forms a cocoon in the mine of the 
hoot and overwinters in this stage* Also liberated were 
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three thousand of a second parasite, Chryaocharis ep*, 
which attacks the host when it is very snail and pupates 
in the mine of the sawfly larva* It overwinters as a 
naked larva and may have more than one generation per 
ye--r. 
When the first generation adult sawflles were most 
abundant, the writer noticed en introduced asilld, Ploctria 
teMhlHtl sb being very abundant, capturing and 
feeding on then* Althugh the population was surprisingly 
large and according to Bromley (1946) la the most abundant 
robber fly during May and June in parks, estates and urban 
conditions, it Is very doubtful that their predatory 
habits would reduce the leaf miner population a percept¬ 
ible amount* Any small reduction in eggs laid would re¬ 
sult in a higher per cent of the larvae emerging and 
completing development because of less crowding* 
Friend (1933) noted three predacious pentatoraids 
feeding on this Isaf miner, Pcdisus macu1iventris Say, 
and JP* placid us Shier on the larvae, and Slnea dladema 
Fabr* on the adults* He noted the nymphs of two species 
of Pcdisus pushing their beaks through the surface of the 
leaf and into the larvae in the mine* He also observed 
the wasp, foliates fuscatus pampas Impel*, cutting 
through the epidermis over the mine and removing the 
larvae* He observed ss did the writer, ants of undetermined 
102 
species capturing the prepupae as they drop ©d to the 
ground and taking them to their nest* It is very likely 
that aany species of ants will do this* Baviault (1937) 
also not >d Perilous plaoidus Uhler and JP* u&cullveatris 
Say feeding on the larvae In Quebec* Prebble (1933) 
report© Smith as observing £* serieventrls Shier as a 
predator on this Insect in Bova Scotia* 
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Th© birch leaf miner, Fenuaa pusilla mac first 
meted on this continent in 1923 in Connecticut and couth- 
eastern Sew York* A separate infestation was noted in 
4 
southern Quebec in 1924* Apparently this insect came 
from Europe where it is a widespread but not serious 
pest* At the present time birches are infested to some 
t 
extent in an area bounded by Maryland, Pennsylvania, 
Ohio, Indiana, Wisconsin, southern Ontario end Quebec 
and the Maritime Provinces* Birches vary greatly In 
their susceptibility to this insect but all ornamental 
and forest birches may be attacked to some extent* 
Characteristics are given to distinguish among the 
forms causing damage similar to £• ousilla* An historical 
development of its scientific name and technical charac¬ 
ters to separate the members of the genus Penuaa are 
given* 
The adult insect Is a small black sawfly that may 
be seen walking over the birch foliage about the middle 
of May and from the last of June throughout the summer* 
The eggs are laid directly into the tissue of succulent 
growing leaves* Only the new leaves can be attacked* 
The presence of the egg will cause a discoloration of 
the leaf tissue* In 10-14 days the egg hatches and the 
emerging larva first hews a kidney-shaped mine which later 
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coalesces with mines of other larvae* The entire 
parenchymatous tissue in the leaf say be eaten* The lar¬ 
vae have five instore* each lasting 2-3 days* The last 
instar is a non-feeding prepupa which chews a hole in 
the leaf and drops to the ground where it forms a cell 
in which it papatee* In about two weeks the adult in¬ 
sect will emerge from the coll* This Insect overwinters 
in the prepupal stage* About six weeks are necessary 
fer the life cycle to be completed in the summer* 
A leaf that contained several larvae will resemble 
a large brown blister because only the upper and lower 
dead epidermic remain* If the tree is badly Infested it 
has the appearance of being scorched by a fire* 
Several natural phenomena were observed that may be 
useful in determining when the adults will smerge* 
ODT and parathlon were found to be effective in the 
laboratory In preventing oviposition* The former was 
uasd in the field with no success* Single sprays of 
summer oil* DPT oil emulsion* and nicotine sulfate wore 
found to be ineffective against the egg stage* Chlordane 
(1*6 lbs*)* lindane (0*25 lbs*)* Aldrln (0.25 lbs*}* 
Dleldrift (0*25 lbs*)* and Toxaphene (1*2 lbs.) sll per 
100 gallons of water gave excellent control of the egg 
stage* If nicot ne sulfate (1-S00) was applied in two 
sprays it was effective* The addition of sodium salicylate 
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had little or no offeet on tho amount of control* Each 
insecticide that was applied to tho leaf affected the 
leaf In a characteristic Banner* 
The materials at the sane concentrations used against 
the eggs were found to he about of equal toxicity against 
/ 
the larvae* lindane need against the eggs and larvae of 
varying age was found to be very effective against all 
except the fourth instar larvae and prepupae* lindane 
and Toxahene were applied to the soil in the fall to 
kill the overwintering larvae* About 1/4 of the larvae 
were killed* Several insecticides applied to the soil 
under a sapling demonstrated that there was some systemic 
action occurring from the cpray dripping off the leaves 
to the soil* Sprays applied to the lower surface of the 
leaf produced better control than those applied to the 
upper leaf surface* This may have been because of ab¬ 
sorption of spray particles through the stomata* It was 
shown that the insecticides are readily translocated from 
one side of the leaf to the other* An asilid was observed 
feeding on the adult sawfly but cannot be considered to 
be of any economic importance* 
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Can* Dept* Agr* Div* Bnt* Insect Pest Review 12* 
18# 27, 88, 117* 
1935. Forest and shde tree insects* 
Can* Dept* Agr* Dlv* Knt. Insect Pest Review 13? 
18# 37# 40, 43, 107, 148. 
1934* Forest and shade tree insects* 
Can* Dept* Agr. Dlv* Ent* Insect Pest Review 14* 
103, 200. , . . . 
1937a* (Distribution of Fenusa nusllla)* 
0«S*D*A«, B*£*P*0., Insect Pest Survey Bui. 17* 
195# 388. 
Anonymous (eont.) 
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1937b* Forest and shade tree insects* 
Can* Dept* Agr* Div* Ent* Insect Peat Review 
X5t 15, 25, 30, 136, 193* 
1937c* *Black Leaf 40* and its control of insects on 
shade trees and ornamental plants* pp* 23* 
Tobacco By-Products and Chemical Corp. 
1938a* (Distribution of Pennsa puralla). 
U*S*B*A«, B*S*P*Q*, Insect Pest Survey Bui* 18t 
495* 
•» . * 
1938b* Forest and shade tree lnaecte* 
Can* Dept* Agr* Div* Knt* Insect Pest Review 16i 
16, 22, 26, 32, 296* 
1939«* (Distribution of Foggsa pusllla)* 
D*3*D*A*, B*F*P.Q*, Insect Pest Survey Bui* 19? 
327, 399. 
1939b* Forest and shade tree insects* 
Can* Dept* Agr* Div* Eat* Insect Feet Review 17? 
34, 36, 279* 
1940a* (Distribution of Fenusa nusllla)* 
U*S*D*A*, B*£*P*Q*, Insect Pest Survey Bui* 20: 
*•** 
272, 407, 465. 
1940b. Forest and ihadi tree Insects. 
Can. Dept. Agr. Dir. Knt. Insect Pest Review 18s 
22, 28, 80, 209, 218, 263. 
Anonymous (cont.) 
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1941ft* (Distribution of ftenuaa pusllla)* 
U*S*D*A*, B.R*P*Q*, Insect Peat Surrey Bui* 21* 
456* 
1941b* Forest and shade tree insects* 
Can* Dept. Agr* Div* Ent*. Insect Pest Review 19s 
24, 29, 39, 220, 227. 
1942. Forest and shade tree Inseeta. 
« 
Con* Dept* Agr* Dir* Ent* Insect Pest Review 20s 
> * ♦ 
26, 37, 50, 168, 214, 253, 267. 
1943. Forest and shade tree Inseeta. 
* * a 
Can* Dept* Agr* Dlv* Ent* Insect Pest Review 21s 
26, 32, 217* 
1944* Forest and shade tree insects* 
^ « 
Can* Dept* Agr* Dlv* Ent* Insect Pest Review 22: 
* • * * « • * • • * 
22, 52, 221, 262. 
1945. Forest and shade tree Inseeta. 
1 
Can* Dept* Agr* Dlv* Ent* Insect Pest Review 23* * * * * 
21* 
» , *» . 
1946* Forest and shade tree insects* 
.f 
Can* Dept. Agr* Dlv* Ent* Insect Pest Review 24* 
28, 192, 274, 356. 
1947. Forest and abado tree Inseeta. 
» 
Can. Dept. Agr. Dlv. Ent. Insect Peat Review 25s 
6-61, 227, 270. 
1X0 
Anonymous (cont.) 
1948* Format and shada tree insects* 
Can* Dept* Agr* Dir. Kni* Insect Pest Review 
26* 114, 196* 231* 258* 
1949a* Trees - The Yearbook of Agriculture* 
PP* 944* B*3*D*A*, Washington* B.C* 
1949b* Forest and shade tree ineeets* 
Can* Dept* Agr* Div. Bnt* Insect Pest Review 
27* 172* 200, 226-227* 
1950* Forest and shade tree insects* 
Can* Dept* Agr* Biv* Ent* Insect Pest Review 
28: 87, 138* 192* 
1951* Forest and shade tree insects* 
Can* Dspt* Agr* Div. Ent* Insect Feet Review 
29* 100* 104* X88. 
1952* The more important forest insects in 1951 * a 
summary* 
D*$*I>*A** ft»S*P#cU * Cooperative Economic Insect 
Report, Special Report 4* 105* 
Atwood* C* 
1944* (Forest Insect Survey)* 
Can* Dept. Agr* Forest Insect Survey Annual 
Rpt. 5* 16. 
Bailey* 8. 
1926* (Occurrence of Feousa mssilla in Ft*)* 
Commission of Agriculture of Vermont* biennial 
report 13* 57-58. 
-111- 
Balch, ft*E* and J*S* Prebble 
1940* The bronze bireh borer and its relation to the 
dying of bireh in New Brunswick forest#* 
• i ■«-. « 
Por. Chron. 16i 179-201* 
Abet* Ecu. Appl* Ent* 29* 347-346* 
• i * 
Belch, E*E* and L*3* Haaboldt* 
i % • i •• * ' > • * 
1943* Report on forest insects in t-ew Brunswick, 1942* 
106th Rep* Dep. Ids* Mines Row Brunswick 1941- 
i * • i 
19421 116-118. 
Abst. Eev. Appl. Ent. (A) 32l 146. 
Belch, R*K* 
* 9 V 
1944* (Occurrence of Fenuea pusllla in N*S*}« 
* » . i 
Moya Scotia Dept* of tends 4 Forests report for 
* • * 
1943* 54. 
f <• ♦ 6 • 
Becker, W. 
1936* toef feeding insects of shade trees* 
* 
Mess* Bui* No* 353* 1-63, figs* 
* 
Mass* Agr* Exp* Sta*, Amherst, Mass* 
i » t ' t « * * • 
Britton, W*E* 
t • 
1924* A European leaf-miner of bireh* 
Jour* Boon* But* 17* 601* 
4 ' * 
1925* A European sawfly leaf miner of bireh* 
Twenty-fourth report of the state entomologist of 
i V 
Conn* - 1924* 
Conn* (New Haven) Agric. Kxp* Sta* Bui* 265* 236, 
* » »' 
* 
360-341 - plates XXXV - A. 
112 
Britton* W*K* (coni,) 
1926** (Distribution and importance of Fenusa pastils 
in Conn,). 
* ■ !• 
Twenty-fifth report of the state entomologist 
of Conn. - 1929# 
Conn. (Hew Baron) Agric. Exp. Sta. Bui. 275* 218 
** 
229* 
j , . 
1926b. Three Injurious insects recently introduced into 
Connecticut. 
Jour. Kaon. Exit* 19: 543*544* 
1927* (Distribution and importance of Fenusa nusilla 
in Conn*). 
Twenty-sixth report of the state entomologist 
of Conn. * 1926. 
Conn. (Hew Haven) Agr* Exp. Sta* Bui. 235* 173* 
1923* (Distribution and importance of Fenusa ousllla 
in Conn*)* 
(Twenty-seventh report of the state entomologist 
of Conn.).*1927. Conn* (Hew Haven) Agric* Exp* 
Sta. Bui. 294* 197# 205* 
1929* Importance of Fenusa pusilla in Conn* nurseries) 
Twenty-eithth report of the state entomologist 
of Conn* - 1923. Conn. (Hew Haven) Agr* Exp* 
Sta. Bui. 305* 673# 680, 690# 692. 
113- 
Britton* W* K* (cent*) 
1930* (Importance of Fenuaa tmailla in Conn* nurseries)* 
Twenty-ninth report of the Conn* state entomolo¬ 
gist - 1929* Conn* (Sew Haven) Agr* 1xp* Sta* 
Bui. 315t 486, 596, 504, 505. 
1931* (Importance of Fenusa mtsllla in Conn* nurseries)* 
Thirthleth report of the Conn* state entomolo¬ 
gist - 1930* Conn* (Sew Haven) Agrie* Exp* Sta# 
Bui. 327i 455, 458, 468, 476. 
1932a* (Distribution and importance of Focusa nuailla 
In Conn*) 
Thirty-first report of tho Conn* state entomolo¬ 
gist - 1931* Conn* (Sew Haven) Agr. Exp* Sta* 
Bui. 338t 505* 
1932b* Some prevalent Insect pests of shade trees* 
Proc. National Shade Tree Conf* 6t 41-44* 
1933** Plant pest handbook for Conn* X. Insects* 
Conn* Agr* Exp. Sta* (Hew Haven) Bui* 344* 86* 
1933b* (Distribution and importance of Fenusa puailla 
In Conn*) 
Thirty-second report of Conn* state entomologist 
- 1932* Conn* (How Haven) Agr* Exp* Sta* Bui* 
349* 374* 
1934* (Distribution and importance of Fenusa ftns11la 
In Conn*) 
Thirty-third report of the Conn* state entomologist 
-1933* Conn. (Hew Haven) Agr. Exp* Sta. Bui. 3601 394. 
Britton, 
1935. 
1937. 
193d. 
1939. 
Britton, 
1927. 
-114- 
(eont.) 
(Distribution and Importance of Fenusa pusllla 
In Conn.) 
Thirty-fourth report of Conn* state entomologist 
- 1934* Conn* (New Haven) Agr. Exp. Sta. Bui. 
36$: 160. 
(Distribution and Importance of Fenusa pusllla 
in Conn.) 
Thirty—sixth report of the Conn, state entomolo¬ 
gist - 1936. Conn. (New Haven) Agr. Exp. Sta. 
Bui. 396t 299* 
(Distribution and importance of Fenusa pueilla 
In Conn.) 
Thirty-seventh report of Conn, state entomologist 
- 1937. Conn. (Bev Havon) Agr. Exp. Sta* Bui. 
40£s 142. 
(Distribution and importance of Fsnuaa pus11la 
in Conn.) 
Thirty-oighth report of Conn, state entomologist 
- 193B. Conn. (Now Haven) Agr* Exp. Sta. Bui* 
42dt 11. 
tf.E* and H.F. Zappe 
Some insect pests of nursery stock in Connecticut. 
Conn. (New Haven) Agr. Exp. Sta. Bui. 292* 143* 
-115 
Bromley* S*W. 
1946. Guide to the Insects of Connecticut* Pt* VI* 
The Diptera op true flies of Connecticut 
third fascicle* Asllldae* 
State Geological and natural History Surrey Bui* 
69: 1—51* 47 figs* 
Broun* A*VI*A* 
1941* Annual report of the forest insect surrey for 
1940* 
Can* Dept* Agr. Dir* Hot* 5: 16* 24* 
1942* Annual report of the forest insect surrey for 
1941* * 
Can* Dept* Agr* Dir* But* 6: 10* 
1943* Annual report of the forest insect surrey for 
1942* 
Can* Dept* Agr* Dir* Ent. 7* 9* 
1951* Insect control by chemicals* 
817 PP** 111ns** Dev York & London* 
Cameron. P* 
1682* A monograph of the British phytophagous Hyaenoptera* 
1* 293-295* London* 
Craighead* F*C* 
1950* Insect enemies of eastern forests* 
U* S«>'* ** Mi sc* Pub* 657: 1—679* Ulus* 
1X6 
troxtoBj F*S* D*J» Covdtn 
1942* Applied general statistics. 
944 pp*, Rev York* 
Cummings, K*B* 
1946* Insects and diseases of nursery stock* 
Aiaer* Nursery** 63 (7)* 13-14* 
Della Tsr2*e, K*tf* 
1694* Catalogue Hyaumopterorua I, Tenthredinld&e inel 
ijpoeerldae (Ph?lXoDha»;a and Xylonha a). 
459 pp*, Eelpsig. 
1901-1902* Catalogue Hywenopterorua III, Trigonal!da© 
Negalyridae, Stepharild&e, Ichnoumcnidae, Agria 
typidae, Fvaniidae, Peleonldae* 
1141 pp*, Leipsig* 
Davlault, 1* 
1937* Contribution a. 1’etude dee Inseetes du botileau* 
Contr* Inst* Zool. Univ* Montreal It 1-136, 5 
graphs, 52 figs* (Eepr* from Nat* Canad* 63’ 
52-60, 76-91; 1936). 
1942* 1*organisation et les travaux du laborstoIre 
d’entomologle forestiere de Berthieirville* 
Foret Quebeeoise 14 (6) 367-406, 7 figs* 
1944* Forest Entomology, Sixth annual report* Forest 
Protection Service, Quebec Dept* of Landa and 
Forests* Contribution No* 2t 6* 
-117- 
Bo B.W*, *C. Fan Dyke, » Chamberlin, H*E* Burke 
* ■« <. 
1936. Forest Insect*. 
4’ ' K •- ' 4 '' ' , , 
463 pp*, 234 figs* New Tork and London* 
• ; * , 
Dodge, B.O* and H.W. Ricketi 
» > .* * 
1943* Diseases and pests of ornaaent&l plants* 
> / ■ * ■* ’ « 
676 pp*, 101 figs., New York* 
• * I* 
Dowden, P*B« 
» * > 
1934* Recently introduced parasites of three important 
.< i * 
forest insects. 
AnruFnt* Soc* Aner* 27: 602-603* 
. • * , 
1941* Parasites of the birch leaf-mining sawfly (Phyllo- 
<» * 
tons nemorata)* 
0.0.0.A., T.B. 757t 1-55# figs. 1-26. 
Byar, H.G* 
* <• * 
1673* Descriptions of tho larvae of certain Tsnthrid- 
inldae. 
* • . - • * ^ * * 1 
Can. ?nt« 251 244—246* 
• * • * • • 
Hnslin, K* 
* •» • * ■» * 
1912-1917* Dio Tenthredlnoidea Europe*• 
c * *’ * * 
PP* 301-303. 
Fslt, E.P., 
1925. (Distribution and abundance of Fenusa nusll1 a in 
, . * * i 
Dew York*) 
* ■ v 
Report of the state entomologist, 1924. N*Y. 
. 1 « -f r 
State Hus. Pul* 260: 49. 
-118- 
Felt, E*v5* (cent*} 
1926. (Distribution and abundance of Fenusa puellla 
« 
in New fork.) 
Report of the state entomologist, 1925* N*Y# 
State Hus* Bui* 267* 41* 
1927* Insect pests newly established in New fork State* 
Jour* Boon* ~nt* 20: 64-65* 
1928. Observations and notes on injurious and other 
insects of Now fork State* 
N*T. State Mua. Bui* 274? 162-163* 
Felt, E.P* and S.W. Bromley 
1931# Shade tree problems* 
Pros* Natural Shade Tree Conf* 6t 13-23. 
Felt, 5*P* and X.F. Chamberlain 
1935. The occurrence of inseets at some height in the 
air especially on the roofs of high buildings* 
8*T* Stats Hus* Cire* 17t 1-70, 4 figs. 
Friend, 8.B. 
1931* The life history and oontrol of the birch leaf 
mining eawfly. Fertnsa numila* King* 
Jour* Boon* But* 24* 171-177* 
1932# The birch leaf miner* 
Proc* 'at* Shade Tree Conf* 7* 133-134* 
1933# The birch leaf mining sawfly, genusa Puaila. King* 
Conn. (New Haven) Agr* Kxp* Sta. Bui. 34#* 291-364 
Friend, 
1941. 
* 
1942. 
1944. 
Glasgow, 
1931. 
1932. 
Hamilton 
* 
1932, 
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>#I5* ( cont. ) 
(Distribution and abundance of Fennsa pusllla 
in Conr.) 
Fortieth report of the Conn, state entomologist 
- 1940. Conn. (Hew Haven) Agr. Bxp.Sta. Bui. 
« ■ 
445* 297. 
i ,, # t ■* 
(A list of the insect specimens most coanonly 
sent to the state entomologist). 
Forty-first report of Conn, state entomologist 
- 1941. Conn. (Hew Haven) Agr. Exp. Sta* Bui. 
* 
4 k ’ 
461« 467. 
• • 
(An attempt to eontrol Fermaa pusilla by a 
helicopter spray). 
. '*** 9 
* 
Forty-fifth report of the Conn, state entomologist 
* 
- 1945. Conn. (Hew Haven) Agr. Exp. Sta. Bui. 
501t 39, 45. 
E.D. 
. , • • 
the white birch leaf-mining sawfly in Hew York 
forests. 
$?.?. State Hus. Clrc. 6* 1*3. 
* * 
The white birch leaf-mining sawfly, Phyllotona 
i 
neaorata Fallen, in Hew York. 
Jour, Foon. Sat. 25t 693-695. 
*. 9 
c.c. 
Remarks on E.B. Fri nd*s paper. 
Proc. Hat. Shade Tree Conf. 7* 134. 
120** 
Hamilton, C.C. (eont.) 
1950* Soma observations on insects in Hew Jersey during 
1950i 
the shade tree 23 (9)t 2. 
v 
Humboldt, t.S. ‘ 
1944* (Damage by Fenuea tmsilla in the various provinces.) 
Annual report of the forest insect survey for 
1943* Can* Dept. Agr. Div. Ent# x 8, 23. 
1947* Forest entomology. 
Kept. Dept. Ends. For. tf.S. 1946. pp. 35~50. 
Abst. Rev. Appl. Ent. (A) 37* 12. 
Kealy, C. 
1069a. A life history of Fenusa oumlla. 
the Entomologist 4* 211-212* 
1869b. A life history of Fenusa fullginoga? 
the Entomologist, 4* 225-227* 
Bering, M* 
1927* Beitrage aur Kenntnis der Oefeologle und S; stem- 
■ 
atlsk bl a ttmirsi ©render Zneekton (Kinenstucdlen 
viii). 
Contribution to the knowledge of the ecology and 
classification of leaf mining insects)* 
2* angew. Ent. 13* 156-198* 
Abst* Eev. Appl* Ent* (A) 5 16* 2* 
121 
Herrick, G*W* 
1935* Insect enemies of shade trees. 
467 pp* , illus., Ithaca, M. Y* 
Kerr, T.W* 
1951a* The chemotherapeutic value of several Insecticides 
* | 
for larvae of certain leaf mining insects* 
Jour* Icon* But# 44s 493-49G* 
1951b* Birch leaf miner* 
* • *• • * * t 
Univ* of Rhode Island Agr. Exp. Sta* Kise. Fob* 
40(2)t 5-9* 
Koncw, P.W* 
« « * » u 
1905* Genera Insectorum* Rynenoptera* Tenthredinidae* 
29th Fase*s G9-90* 
* « ■ 
Loveland, G*A# 
* * * 
192S. Climatological data - Hew England section* 
1 
G*S«D*A*, Weather Bureau* ?ol* 40t 9-20* 
1930* Climatological data - New England section* 
U.S.s.A. Weather Bureau* Vol* 52s 9-20* 
MacDonald, G* 
1930* (Abundance of Fenuaa nuallla in N.Y*) 
t 
■* 
Hew Terk Conservation Pepartaert Rerort 20< 
IBS-189. 
MacGillivray, A*0* 
1916* The Hymenoptera of Connecticut* 
. / t. 
Conn* Geol* and 8at. Hist* Survey Bui. 22t X-G24, 
10 plates, 15 figs# 
122 
KacHay, C.G. 
1947* A summary of the mere important insect infesta¬ 
tions and occurrences in Canada in 1946* 
But* See. 0nt. Hep, 77s 1-67* 
Heserve, A.W* 
1947* Field experiments with DI5f* 
Free* Hat. Shade Tree Conf. 23* 156-145. 
Huesebeck, C«F*tt*, K.7. Kro^bion and H.K. Townes 
1951. Hymenoptera of America North of Mexico - Synoptic 
catalog. 
U.S.D.A.9 Agr. Mon. 2* 1—1420. 
Peirsonf H.B* 
1927* Manual of forest insects. 
Maine Forest Service Bui. 5* 1-130. 
i * 
1929* Field book of destructive forest insects. 
Maine forest service 22 pp. 
Peirson, H.B. and A.E. Brawn 
1936. Biology and control of tho birch leaf-mining 
sawfly. 
Me. Forest Serv. Bui* lit 1-37* 
Peterson, A. 
194^. Larvae of insects, Part I, tspidoptera and Plant 
Infesting Hymenoptera, 315 FP*» Figs., Columbus, 
Ohio. 
—123 
Pirone, P.P. 
1941* Maintenance of shade and ornamental trees* 
422 pp., illus., Row Tork* 
Potts, 5* F* 
1938* The weight of foliage from different crown levels 
of trees and its relation to insect control* 
Jour* loon* Ent* 31i 631-632* 
a 
Potts, S*F* and P* Garaan 
1950* Concentrated sprays for application by mist 
blowers for eontrel of forest, shade and fruit 
tree pests* 
Conn* Agr* Exp. Sts. Cir* 177t 1-19* 
Prebble, K.t* 
1933* The biology of Podlsus servlentrla* Uhler in 
Cape Breton, Rova Scotia. 
Can* J* of Res* 9« 1-31* 
Reeks, tf«A* et al* 
1945. (Damage by Fenusa pusilla in the various provinces)* 
Can* Dept* Agr* Div* Knt* Annual report of the 
forest insect survey for 1944s 8* 
1946* (Damage by Fenusa pusilla in the various provinces)* 
Can* Dept* Agr* Div* Ent* Annual Report of the 
forest Insect survey for 1945* 13, 23* 
194?* {Damage by Fenusa pusilla in the various provinces)* 
Can* Dept* Agr. Div* Ent* annual report of the 
forest Insect survey for 1946t 14* 
-124- 
HtokSi ^*A# fet al♦ (coni*) 
1948* (damage by Fenusa pusilla la the various province#) 
Can* Dept* Agr* Dlv* Eni* Annual Report of the 
forest insect survey for 1947* 30* 
\ * * 
1949* (Damage by Fenusa puallla in the various province*) 
j 
Can* Dept* Agr* Div* Rnt* Annual Report of the 
forest insect survey for 1948* 14* 32* 
Randall, P* 
* • « 
1943* (Damage by Fenusa pusllla In Maine)* 
Maine Forest Commissioner's Report 24* 52* 
Ripper, tf* 
1931* Uber blattminier aside Tenthrediniden Larven an 
i * • 
Birchen (On leaf mining Tenthredlnid larvae on 
birch)* 
Z. Ffl. Kraokh. 41(4)s 162-191. 
Abst. Ear. Appl. Ent. 19(A)t 423. 
* * * 
Rosa, H.H* 
• • • .* 
1934* The naarctic savflies of the genus Penusa 
(Ryaenoptera, Tenthredlnld&e)* 
111* State Acad* Sci* Trans* 29(2)* 243-266, 
figs. 19. 
Rohwer, S*A* 
1910* On a collection of Tonthradinoldea of eastern 
Canada* 
Proc* U* '■'* Rat* Mus* 38* 197—209* 
125 
Seavey, F. 
- • *, • . - . • ; 
1937* (Damage by repusa puailla in Kaine)* 
* < i i 
Maine Forest Commission’s Biennial Bep* 211 72 
* , * 
Snedecor, G*W* 
1946* Statistical methods* 
' ' • « 
4&5 PP*9 Ames, I ova* 
Tracy, VvH« 
n • , 
1930* Climatological data * Horn England* 
U#3» Department of Commerce - Weather Bureau, 
Vol. 62, 103-164. 
• f , _ , 
1951* Climatological data - Key England* 
0*3# Department of Commerce - Weather Bureau, 
Bui* 63: 105*166* 
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Table E. Degree of Infestation after preovipoaition 
sprays. 
Treatment Hot Infested 
/ 
Humber of 
light Infest¬ 
ation 
Cl - 4 eggs) 
Leaves 
Heavy Infest¬ 
ation 
(5 or more eggs) 
DDT Observed 250 17 8 
Expected 240.8 23.5 10.7 
Deviation 9*2 
—6*5 -2.7 
Chlordane Observed 106 28 19 
Expected 133.9 13.1 6.0 
Deviation -27.9 14.9 13.0 
lindane Observed 346 47 14 
Expected 356.4 34.8 15.8 
Deviation -10.9 12.2 —1.8 
Toxa phene Observed 168 12 7 
Expected 163.7 16.0 7.3 
Deviation 4.3 -4.0 -0.3 
Parathion Observed 277 8 3 
Expeeted 252.2 24.6 11.2 
Deviation 24.8 •16.6 -8.2 
Total 1147 112 51 
Chi-sqaare - * 79.313 
m 
Total 
275 
153 
407 
187 
288 
1310 
Probability 0.1 
Degrees of freedom * 8 
S * Sue of, x « observed 
a " expected 
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Table F« Comparison of effects of DDT 
and toxaphene on ovlpositlon. 
Treatment Sot Infested 
_iber of Leaves_ 
Light Infeet- Heavy Infest- Total 
atlon atlon 
(1-4 egga) (5 or acre eggs) 
D >T Observed 250 17 8 
• Expected 248.8 17.3 8.9 
Deviation 1*2 
-0.3 -0.9 275 
Toxaphene Observed 166 
Expected 169*2 
12 
11*7 
7 
6.1 
Deviation -1*2 0*3 0.9 187 
Total 418 
• 
29 15 462 
Chi-square 2 a 0*241 d.f. - 2 
P * approx* 0*88 
Treatment 
Chlorriane 
Lindane 
Total 
132 
Table G* Cospa Ison of effects of chlordane 
and lindane on oviposltlon* 
Mot Infested Number of Leaves 
Total Light Infest¬ 
ation 
{1 to 4 eggs) 
Heavy Infest¬ 
ation 
(5 or sore eggs) 
Observed 106 28 19 
Expected 123.5 20*5 9.0 
Deviation -17.5 7.5 10.0 153 
Observed 346 47 14 
Expected 328*5 54.5 24.0 
Deviation 17•5 
-7.5 -10*0 407 
452 . 75 33 560 
Chi-square * 22*466 , d*f• = 2 
P .01 
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table H. taalyets of the per cent leaves 
infested to determine if there 1» 
a differsnee In the tee treatments* 
tttft.VMBtii £g«-.a£..XEBSl P«r coot Inflated lotcl *jo_«J> 
DDT 
► 
4 41.00, 29.00, 38.71, 
42.46, 30.47 152.93 34.23 
Sene 4 37.71, 41.55, 41.21, 
93.46 163.93 40.9# 
Troatawit 1£jl &i Trap a P«f. Koen of < lnfoatod S«a of aottsroo 
bst 4 3 32.23 *7.705 
Hone 4 3 40.9# 17.697 
Sett Stttt * 4 Olfferenee • * • 2.75 Sett 2 3** « 
105.402 
Peeled eerie nee » e2 • e 17.547 
Standard Deviation « a * 17.547 * 4.190 
> * 
,*rJ 
Standard *mr * ax * 2»7» « 2.964 
t « *- * 0.9*79 P * approx. 0.39 
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Table I* Chi-square test to determine the 
effect of DDT on ovlposltion. 
Treatment He# of Trees Per Cent Dead Total Mean 
DOT 
/ 
4 12.62, 7.96, 6.64, 
4.57 31.79 7.95 
Hone 4 7.96, 7.72, 5.93, 
5.92 27.53 6.88 
Treatment Ho# of Trees S#f# Mean of Per Cent Sum of 
Dead Squares 
DDT 4 3 7.95 34.9495 
Hone 4 3 6.88 3.6961 
Sam « 6 Differ-^ 2 
ence « x * 1.07 Sum a a Sx a 
38*6456 
Pooled 
2 
variance - s = 6.441 
t » f- * 0.5933 •* ■ 2«2/b » 1.795 
p 0.50 
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Table J — Effect of Insecticides with and without 
•odium salicylate on the eggs* 
Insecticide Actual Add!- 
Concen- tion Replicates — % Bairs Bead 
tration 1 2 3 4 
lbs/100 
gallons 
Total 
Chlordane 1.6 With 100, 100. 100. 99.74 399.74 
Without 100, 99.18 99.3* 100. 398.56 
Lindane 0.25 With 100. 100. 99.71 100. 399.71 
Without 9*9 100. 99.61 100. 309.51 
Aldrln 0.75 With 100. 100. 99.78 97.13 396.91 
Without 97.22 100. 100. 100. 397.22 
Dieldrin 0,75 With 99.93 100. 99.86 99.70 377.49 
Without 100. 99.85 IOC. 100. 399.85 
Total 707.05 799.03 798.34 796.57 3100.99 
Insecticide Replicates - Additions Discounted Total 
I 2 3 4 
Chlordane 200. 199.18 199.38 197.74 798.30 
Lindane 109.9 200. 199.32 200. 709.22 
Aldrln 197.22 200. 199.78 197.13 794.13 
Dieldrin 199.93 199.85 199.86 199.70 799.34 
Total 707.05 799.03 798.34 796.57 3100.99 
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Addition Insecticides - Replicates Discounted total 
Chlordane Llad ane Aldrin Dieldrln 
With 399.74 399.71 396.91 399.49 1595.85 
Without 398.56 309.51 397.22 399.85 1505.14 
total 798.30 709.22 794.13 799.34 3100.99 
Addition RePileatea - Ina 
1 2 3 4 
With 399.93 400. 399.35 396.57 1595.85 
Without 307.12 399.03 398.99 400. 1505.14 
Total 707.05 799.03 798.34 796.57 3100.99 
3ourc« of Variation 
Analysis of Variance 
D.f. Su* of Souares Wan Sqaaro 
Wain effect 
Replicates 3 775.56 258.52 
Insecticides 3 728.46 242.82 
Additions 1 257.16 257.16 
First ordor Interactions 
Replicates x Insecti¬ 
cides 9 2257.54 250.84 
Replicates x additions 3 821.14 273.71 
Insecticides x additions 3 760.04 253.34 
Second order interaction# 
Replicates x insecticides 
x additions 9 
4 
2229.28 247.70 
Total 31 7829.18 
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Main Effects F P 0.05 
Replicates / Insecticides c p* 
Replicates / Additions * p* 
Additions / Insecticides * p* 
1.04 
0.98 
1.04 
5.12 
3.86 
3.86 
Replicate unvarying 
I 
I x A 0.96 9.28 
A 
1 x A 1.02 10.13 
Insecticides unvarying 
R 
R x A 0.94 9.28 
A 
R x A 0.94 10.13 
Additions unvarying 
Elf 0.97 8 « 81 
R 
R x I 1.03 8.81 
First order interactions 
Replicates x Insecticides 1.40 4.28 
Replicates x Additions 0.55 4.76 
Insecticides x Additions 0.44 5.14 
*p ~ a parameter * a constant 
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Table K. Effect of insecticides on third 
generation eggs. 
Treatment Actual Con- 
eentration 
(lbB./lOO 
gallons) 
Number of 
Eggs 
X 
Number of 
Dead 
P PX 
Probability Products 
of death 
Lindane 0.75 888 888 1.0000 888,0000 
Toxaphene 1.20 100 97 0.9700 94.0900 
Aldrin 0.75 290 288 0.9931 286.0128 
Dieldrin 0.75 4066 4060 0.9985 4053.9100 
S * 5344 SX » 5333 SpX * 5322.0128 
q « 1 - p * .0021 
— SX _ 
P s — = .9979 
Chi-equare * SpX - pSx s 101.000 
ii 
d.f. = 3 
P 0.01 
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Table L. Effect of insecticides on third 
generation eggs* 
Treatment Number of 
Eggs 
X 
Number 
Dead 
P 
Probability 
of Death 
PX 
Products 
lindane 866 888 1.0000 888.0000 
Aldrin 290 288 0.9931 286.0138 
Dieldrin 4066 4060 0.9985 4054.0067 
S = 5244 SX * 5236 SpX-* 5226*0225 
p « *9985 q » .0015 
Chi-square - 6*8790 df « 2 P = 0.04 
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Table If. Effect of various concentrations 
of dieldrin and aldrin on eggs* 
Actual Con- Plant Treatment - Per Cent Dead Sub 9 % Dead 
centration 
(lbs./XOO gal.) 
None Dieldrin Aldrin Plants per 
Plant 
1 7.4 100. 98.0 
0.50 2 3.2 100. 100. 
3 9.7 100. 100. 
Sub 20.3 300. 298. 618.3 68.7 
1 6.5 100. 100. 
0,375 2 7.1 98.1 99.3 
3 4.4 100. 98.9 
Sub 18.0 298.1 298.2 614.3 68.3 
1 9.2 83.8 96.7 
0*25 2 8.4 95.0 96.4 
3 8.9 100. 90. 
Sub 26.5 278.8 283.1 588.4 65.9 
1 10.5 96.7 87.5 
0.125 2 3.3 81.4 91.3 
3 9.9 88.7 92.7 
Sub 23.7 266.8 271.5 562.0 62.4 
Sub 12 plants 88.5 1143.7 1150.8 2383.0 
Per cent dead per 
plant 7.4 95.3 95.9 
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Treatment Concentrates Sum 
0.50 0.375 0.25 0.125 
Aldrin & Dieldrin 596.0 596.3 561.9 538.3 2294.5 
None 20.3 id.o 26.5 23.7 88.5 
San 618.3 614.3 588.4 562.0 2383. 
Difference 577.7 578.3 535.4 514.6 
Analysis of Variance 
Source of Variation Df Sum of 
Squares 
Mean 
Square 
r P 
Plants in subclasses 24 362.00 15.08 - - 
Concentration 3 227.60 79.2 5.252 0.01 
mm 4.72 
Treatments 
Two treatments 1 2.37 2.37 0.157 0.05 s 4.26 
Treatments vs cheek 1 62275.44 
62275.44 4129.671 0,01 - 7.82 
Interactions 
Two chemical treatments 
with 4 concentrations 3 5.10 1.70 0.113 0.05 = 3.01 
Chemical treatment at 
4 concentrations vs 
check 3 201.96 67.32 4.464 
» 
4 *- ,» 
0.01 
m. 
4.72 
Total 35 63074.47 
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Table fo* Analysis of the effect of insecticides on 
third instar larvae* 
Symbol _Insecticides * § dead larvae/leaf_ 
_ lindane_ Toxaphene Chlordane Total 
1 9 11 4 4 5 2 1 3 9 1 2 2 3 4 2 4 2 
6 2 11 5 13 2 6 7 10 3 3 4 2 9 1 2 8 0 
6 8 4 8 0 6 7 1 9 4 0 2 9 6 1 4 0 2 
2 4 5 5 4 7 1 5 14 4 7 4 6 4 1 4 7 5 
5 4 8 3 3 11 3 7 5 2 2 0 6 1 2 4 7 2 
1 4 1 6 6 9 2 7 8 1 4 2 4 5 1 6 3 11 
5 7 1 10 5 1 4 4 7 3 11 3 2 1 5 2 7 1 
7 1 8 3 11 4 6 9 1 2 5 0 4 3 2 4 2 1 
7 10 6 4 3 7 6 8 0 4 5 3 5 4 4 2 1 3 
X 1 5 11 5 6 4 14 6 3 15 3 4 6 1 6 12 1 8 
2 3 4 7 5 7 1 3 4 1 9 1 6 4 1 0 1 1 
8 5 6 1 1 5 6 2 0 1 8 6 2 0 4 7 1 6 
2 3 12 9 6 3 5 1 3 2 2 2 3 2 8 4 15 1 
0 2 6 5 0 4 6 3 4 2 3 5 2 1 16 6 2 8 
12 9 4 0 6 5 1 7 8 0 6 3 3 7 4 2 5 11 
1 7 3 1 7 0 4 7 2 3 3 2 1 0 5 10 6 3 
4 9 16 1 2 0 4 0 2 3 6 2 2 8 7 0 0 0 
- 2 6 21 5 9 2 1 3 2 3 1 2 1 5 
7 3 11 3 6 1 4 9 5 
6 1 6 0 3 9 
11 2 1 4 • 
sx 584 493 408 1485 
111 124 
5.2613 3.975$ 
341056. 243049. 
104 339 
3.9231 
166464. 750569 
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Analysis of Variance 
D«f • Sum of 
Squares 
Mean 
Square 
F P 0,05 
Insecticide Mean 
Individual Mean 
2 
336 
128.2 
743807.8 
64.1 
2213.7 
.029 3.03 
Total 33d 744064*0 
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Table 0* An analysis of the effects of insecticides with 
and without sodium salicylate on the larvae* 
Insecticide Concentra¬ 
tion 
(lbs./lOO 
gallon) 
Addition Replicates 
1 2 
- % larvae 
3 4 
dead 
Total 
lindane 0.25 With 35.4 37.4 32.2 33.6 138.6 
Without 34.8 32.1 31.9 36.0 134.8 
Aldrin 0.75 With 27.6 25.0 28.3 24.9 105.8 
Without 22.2 24.6 24.9 23.6 95.3 
Dieldrln 0.75 With 21.3 21.7 19.8 18.2 81.0 
Without 18.8 19.2 19.4 15.3 72.7 
Total 160.1 160.0 156.5 151.6 628.2 
Insecticide Replicates - Additions 115counted Total 
12 3 4 
70*2 69.5 64.1 69.6 273.4 
49.8 49.6 53.2 48.5 201*1 
40.1 40*9 39.2 33.5 153.7 
Total 160.1 160.0 156*5 151.6 628.2 
Dis- 
Addltlon Insecticides - Rerlicates counted Total 
lindane Aldrin Dleldrin 
With 138*6 105.8 81.0 325.4 
Without 134.8 95.3 72.7 302.8 
lindane 
Aldrin 
Dleldrin 
Total 273.4 201*1 153.7 628*2 
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Addition Replicates - : Insecticides Discounted Total 
1 2 3 4 
With 64.3 84.1 80.3 76.7 325.4 
Without 75.8 75.9 76.2 74.9 302*8 
Total 160.1 160.0 156.5 151.6 628.2 
Analysis of Variance 
Source of Variation D.f. Sum of Squares Mean 
Main Effects 
Replicates 
Insecticides 
Additions 
Pirst order interaction 
Replicates x Insecticides 
Replicates x Additions 
Insecticides x Additions 
Second order interactions 
t 
Replicates x Insecticides 
x Additions 
Square 
3 8.0 2*67 
2 908.44 454.22 
1 21.27 21.27 
6 27.26 4.54 
3 5.33 1.78 
2 2.89 1.445 
6 19.48 3.25 
Total 23 992.67 
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Ha in Effects F P 
B / I • p 6.54 0.01 s 13.74 
R / A * p 139.76 0.01 = 10.92 
A / I * P 0.82 0.05 - 4.76 
R.plicates unvarying 
.A. . 
I x A 14.72 0.05 = ia.5i 
I 
I x A 314.34 0.01 s 99.00 
Insecticides unvarying 
R 
R x A 1.50 0.05 z 9.28 
A 
R x A 11.94 0.05 m 10.13 
0.01 = 34.12 
Additions unvarying 
* 
I 
R x I 
4 
100.05 0.01 r 10.92 
R 
R x I 0.59 0.05 - 4.76 
First order interactions 
R x I 1.40 0.05 at 4.28 
R x A 0.55 0.05 = 4.76 
I x A 0.44 0.05 S 5.14 
5.99 
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Table P. An analysis of the effectiveness of 
dieldrin and aldrin against the 
third instar larvae. * 
Treatment Dead Alive Total 
Aldrin Observed 519. 21 540. 
Expected 520.4 19.6 
#1 
Deviation - 1.4 1.4 
Dieldrin Observed 303. 10. 313. 
Expected 301.6 11.4 
Deviation 1.4 -1.4 
Total 822 31 853 
X2 - S(x-m)2/. a 0.282 d.f. = 1 p * approx. O.i 
Treatment Dead Alive 
* V 
Total 
Aldrin Observed 447. 12. 459 
Expected 438.9 20.1 
Deviation 8.1 -8.1 
#2 Dieldrin Observed 273. 21. 294 
Expected 281.1 12.9 
Deviation - 8.1 8.1 
Total 720 33 733 
P 0.01 Chi-square * 8*733 d.f. * 1 
t
 
to
 
T1
 
Treatment Dead Alive Total 
Aldrin Observed 641* 36. 677 
Expected 643.15 33.85 
#3 
Dieldrin 
Deviation 
- 2.15 2.15 
Observed 404* 19. 423 
Expected 401.85 21.15 
Deviation 2.15 -2.15 
Total 1045 55 1100 
Chi-square * 0.374 d.f. • 1 P * approx. 0.60 
Pooled Results 
Treatment Dead Alive Total 
Aldrin Observed 1597 69 1666 
Expected 1592.5 73.5 
Deviation 4.5 -4.5 
Dieldrin Observed 980 50 1030 
Expected 984.5 45.4 
Deviation - 4.5 4.5 
Total 2577 119 2696 
Chi-square - 0.754 d.f. ■ 1 P * approx. 0.40 
d.f. chi-squgre P approx. 
Total 3 9.389 .02 
Pooled 1 0.754 .40 
Interaction 2 8.635 015 
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Table Q. An analysis of the effect of treating 
larvae with aldrin and dieldrin at 
various concentrations* 
Actual Con- Plant Treatment - Per cent Dead Sum 9 Per Cent 
centration 
(lbs./XOO 
gallons) 
Hone Aldrin Dieldrin Plants Bead per 
Plant 
1 7.4 91.3 96.0 
0.50 2 3.2 96.4 92.8 
3 9.7 95.9 97.3 
Sum 20.3 283.6 286.1 590.0 65.6 
1 6.5 95.3 90.0 
0.375 2 7.1 93.1 88.7 
3 4.4 90.3 92.3 
urn 18.0 278.7 271.0 567.7 63.1 
1 9.2 87.8 78.6 
0.25 2 8.4 90.0 89.4 
3 8.9 82.2 91.2 
Sum 26.5 260.0 259.2 545.7 60.6 
1 10.5 60.3 86.7 
0.125 2 3.3 74.2 82.8 
3 9.9 69.7 83.2 
Sum 23.7 204.2 252.7 480.6 53.4 
Sum, 12 plants 88.5 1026.5 1069.0 2184.0 
Per cent dead 
per plant 7.4 85.5 89.1 
150- 
Treatment Concentrations - % Dead Sum 
Of 50 0.375 
iTs
 
tM
 
•
 
O
 0.125 
Aldrin & Dieldrin 569.7 549.7 519.2 456.9 2095.5 
None 20.3 18.0 26.5 23.7 88.5 
Sum 590.0 567.7 545.7 480.6 2134.0 
difference 594.4 531.7 492.7 433.2 
Analysis of Variance 
Source of Variation D.f. Sum of 
Squares 
Mean 
Square 
P p 
Plants in subclasses 24 338.10 16.17 
Concentration 3 742.60 247.53 : 15.308 0.01 « 4.72 
Treatments 
Two treatments 1 72.26 72.26 4.469 0.05 * 4.26 
0.01 s 7.62 
Treatment vs check 1 51120.03 51120.03 3161.412 0.01 = 7.82 
Interactions 
Two chemical treatments 
with 4 concentrations 3 327.84 109.28 6.758 0.01 - 4.72 
Chemical treatments with 
4 concentrations vs 
check 3 483.75 161.75 10.003 
H
 
o
 
.
 
o
 * 4.72 
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Table R. A chi-square test to determine if 
there is any difference between 
lindane and toxaphene in soil 
applications. 
Treatment Number of Adults Emerged Total 
Treated Untreated 
Observed 48, 230. 
• 
278 
Lindane Expected U.6 233.4 
\ 
Deviation 3.4 -3.4 
Observed 16 105 121 
Toxaphene Expected 19.4 101.6 
Deviation -3.4 3.4 
Total 64 335 399 
Chi-square * 1,018, d,f. 1, P = approx, 0.30 
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Table S. The effect on larvae of treating one half 
of infested leaf* 
Insecticide Per cent dead on I of leaf 
Treated Untreated Difference Sum Deviation Souared 
*1 x2 x* x2 “ X1 x - X - x Devia-_ 
tlon X* 
Aldrin 100 100 0.0 200. -5.025 25.2506 
Lindane 96.9 96.8 -0.1 193.7 -5.125 26.2656 
Chlordane 80.6 85.7 4.9 166.5 -0.125 0.0156 
Dieldrin 72.7 88.0 15.3 160.7 /10.275 105.5756 
Sum 350.4 370.5 20.1 720.9 0 157.1074 
Mean 87.6 92.625 5.025 144.18 s2 « 52.3691 
s • 7.2366, ex2 * al - 13.09228 ex 
n 
- 3.616 
. _ - 1.3889 
% SX 
d.f. * 3 » P * 0. 30 
Analysis of Variance 
Treatments d.f. Sam of Squares Kean 
Square 
F P 
Treatments 1 91.6 91.6 7.328 0.05 = 10.13 
Insecticides 3 612.2 204.1 16.328 0.05 = 9.28 
0.01 s 29.46 
Discrepance 3 37.5 12.5 
Total 7 741*3 
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Table ?. A chi-square test to determine 
the difference between treated 
and untreated half of leaf* 
Dead Alive Total Per Cent Dead 
/ 
Treated 75 12 87 86.2 
Untreated 85 7 92 92.4 
Total 160 19 179 
d.f. * 1, P * 0.22 
chi-square 
(75 x 7 - 12 x 85)2 179 
160 x 19 x 92 x 87 1.550 
APPROVED* 
&LL /$ 


